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PREFACE 


THE  following  complete  series  of  Questions  and 
Problems  in  Elementary  Chemistry  will  prove  a  great 
boon  to  those  engaged  either  in  teaching  or  in  learning 
the  science.  They  were  prepared  by  my  friend  DR. 
THORPE,  with  special  reference  to  our  junior  classes  in 
Owens  College,  in  which  my  "  Elementary  Chemistry"  is 
used  ;  but  they  will  of  course  also  be  available  where 
any  other  modern  text-book  is  employed. 

My  experience  has  led  me  to  feel  more  and  more 
strongly  that  by  no  method  can  accuracy  in  a  knowledge 
of  Chemistry  be  more  surely  secured  than  by  attention  to 
the  working  of  well-selected  problems,  and  Dr.  Thorpe's 
thorough  acquaintance  with  the  wants  of  the  student  is 
a  sufficient  guarantee  that  this  selection  has  been  care- 
fully made.  I  intend  largely  to  use  these  Questions  in 
my  own  classes,  and  I  can  confidently  recommend  them 
to  all  teachers  and  students  of  the  science. 

HENRY  E.  ROSCOE. 

Oct.  15,   1870. 
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CHEMICAL   CALCULATIONS. 


METRIC  SYSTEM  OF 
WEIGHTS   AND    MEASURES. 

MEASURES  OF  LENGTH. 

Standard  : — i  metre,  the  length  at  o°C.  of  a  platinum 
bar  preserved  in  Paris.  Originally  constructed  to  repre- 
sent the  4^0^0000  Part  °f  tne  earth's  circumference, 
measured  along  the  Paris  meridian  ;  according  to  modern 
measurements  it  does  not  fulfil  this  intention  and  can 
therefore  only  be  viewed  as  an  empirical  standard. 

10  decimetres  (dcm.)     .     .     .     I  metre  (m.). 
100  centimetres  (cm.)      ...  „ 

1000  millimetres  (mm.)     ...  „ 

looo  metres     .     .     .     .     I  kilometre. 

i  inch  =  2-539954  centimetres. 
i  foot    =  3-047945  decimetres. 
I  yard  =  0-914383  metre. 
i  mile  =  1*609315  kilometres. 

MEASURES  OF  SURFACE. 

I oo  square  decimetres  (sq.  dcm.)   i  square  metre  or 

centiare  (sq.  m.). 

10,000      „       centimetres  (sq.  cm.)  „ 

1,000,000      „       millimetres  (sq.  mm.)  „ 

100  square  metres  i  are. 

10,000     „          „  ....     i  hectare. 

I  square  inch  =  6*4513669  sq.  cm. 
i       „        foot  =  9*2899683  sq,  dcm. 
i       „       yard  =  0*83609715  sq.  m. 
i       „       acre  =  0*404671021  hectare. 
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2  METI-J/C    SYSTEM    OF 

MEASURES   OF   CAPACITY. 

1000  cubic  decimetres  (c.dcm.)       I  cubic  metre 

or  stere. 

1,000,000      „     centimetres  (c.c.)  „ 

1,000,000,000      „     millimetres  (c.mm.)  „ 

I  cubic  decimetre     ...  I  litre. 

I  cubic  inch  =  16-386176  c.c. 
I       „      foot  =  28*315312  c.dcm. 
I  gallon          =    4-54345797  litres. 

MEASURES   OF  WEIGHT. 

Standard  : — I  kilogram,  the  mass  of  a  piece  of  platinum 
weighed  in  vacuo  ;  preserved  in  Paris. 

Theoretically  the  gram  equals  the  mass  of  ic.c.  and  the 
kilogram  the  mass  of  1000  c.c.  of  distilled  water  at  4°C,  at 
the  latitude  of  Paris  ;  the  actual  standard  differs  slightly 
from  its  value  as  thus  defined. 

1000  grams  (grms.)     .     .     .  i  kilogram 
10,000  decigrams.     ....  „ 

100,000  centigrams     ....  „ 

1,000000  milligrams     ....  „ 

I  grain  =    0*06479895  gram. 

I  troy  oz.  =  31*103496  grms. 

i  Ib.  avd.  =    0*45359^65  kilo, 

i  cwt.  =  50*80237689  kilos. 

To  reduce  grams  to  grains. 
Log.  grams  +  1*188432  =  log.  grains. 

To  reduce  cubic  centimetres  to  cubic  inches. 
Log.  c.c.  +  (  —  27855224)  =  log.  cubic  inches. 

To  reduce  millimetres  to  inches. 
Log.  mm.  +  (  —  2*5951742)  =  log.  inches. 

To  convert  grains  into  grams. 
Log.  grains  -j-  (-2*8115680)  =  log.  grams. 

To  convert  ctibic  inches  into  cubic  centimetres. 
Log.  cb.  in.  -+-  1*2144776  =  log.  c.c. 

To  convert  inches  into  millimetres. 
Log.  inches  +  1*4048258  =  log.  mm. 
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SURFACES  AND   CAPACITIES. 

Area  of  a  square  =  side2. 

Area  of  a  rectangle,  rhombus,  or  rhomboid  =  side  X 
perpendicular  height. 

Area  of  a  triangle  =  half  the  side  X  perpendicular 
height. 

Area  of  a  circle  =  3*141593  X  radius2. 

Area  of  an  ellipse  =  3*141593  X  major  semi-axis  X 
minor  semi-axis. 

Surface  of  a  cube  =  6  X  edge2. 

Surface  of  a  sphere  =  12*566370  X  radius2. 

Surface  of  a  cylinder  =  6*283185  X  radius  of  base  X 
sum  of  height  and  radius  of  base. 

Surface  of  a  spherical  segment  =  6*283185  X  height  X 
radius  of  circular  base. 

Volume  of  a  cube  =  edge3. 

Volume  of  a  sphere  =  f  X  3*141593  X  radius3. 

Volume  of  a  cylinder  =  3*141593  X  height  X  radius2. 

Volume  of  a  prism  =  base  area  X  height. 

Volume  of  a  cone  or  pyramid  =  J  X  base  area  X 
height. 

EXAMPLES. 

1.  How  many  millimetres  are  contained  in  5  metres  ? 
From  the  table  we  find  that  looo  millimetres  =  i  metre. 

.*.  5  metres  =  1000  X  5,  or  5000  millimetres. 

2.  How  many  decimetres   are   equivalent    to    106725 
millimetres  ? 

i  decimetre  =  100  millimetres. 
.'.  106725  millimetres  =  1067*25  decimetres. 

3.  How  many   litres  of  air  are  contained  in  a  room 
measuring  4X3X2  metres  ? 

4  X  3  X  2  =  24  cubic  metres. 
i  cubic  metre  =  1000  litres. 
.'.  looo  X  24  =  24,000  litres. 

4.  Required  the   number    of  milligrams  in   15  c.c.  of 
water  measured  at  4°  C. 

i  c.c.  of  water  at  4°  C.  =  I  gram. 

looo  milligrams  =  I  gram. 
.'.  15  x  looo  —  15,000  milligrams. 
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QUESTIONS. 

1.  How  many  millimetres,  centimetres,  and  decimetres 
are  respectively  contained  in  0*437  of  a  decimetre  ? 

2.  Required  the  number  of  (a]  centimetres,  (b)  deci- 
metres, (c)  metres,  in  1098765421  millimetres. 

3.  Required  the  number  of  square  millimetres,  square 
centimetres,  square  decimetres  contained  in  the  top  of  a 
table  measuring  i  metre  by  70  centimetres. 

4.  Define  the  gram  and  the  litre     How  many  grams 
are  contained  in  1725  kilograms  ? 

5.  How    many    centigrams    are    contained    in    2*567 
kilograms  ? 

6.  Required  the  number  of  milligrams  contained  in  5 
cubic  centimetres  of  water  measured  at  4°C. 

7.  Calculate  the  number  of  square  centimetres  con- 
tained on  the  surface  of  a  paper  filter  possessing  a  radius 
of  5  centimetres. 

8.  In  an  English  inch  are  contained  25*3995  millimetres. 
How  many  kilometres  are  there  in  a  mile  ? 

9.  The  mean  height  of  the  barometer  in  the  latitude;  of 
Greenwich  at  the  level  of  the  sea  is  30  inches.     How 
many  millimetres  is  this  equivalent  to  ? 

10.  A  gallon  is  equal  to  4*543  litres.     How  many  cubic 
centimetres  are  contained  in  one  pint  ? 

11.  A  spherical  glass  bulb  possesses  a  radius  of  3  centi- 
metres ;  calculate  its  capacity. 

12.  Calculate  the  length  of  the  polar  axis  on  the  suppo- 
sition that  the  earth  is  spherical,  and  that  the  actual  metre 
is  identical  with  the  metre  as  defined. 

13.  A  fine  wire  255  millimetres  in  length  weighs  0*172 
grams.     What  length  of  such  wire  would  it  take  to  make 
a  centigram  '  rider '  ? 
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14.  A  piece  of  platinum  foil  measuring  10*5  centimetres 
by  1*5  centimetres  weighs  0723  gram.     Into  how  many 
pieces,  each  weighing  one  decigram,  may  it  be  divided  ? 

1 5.  A  piece  of  Swedish  filter  paper  measuring  60  centi- 
metres  square,   leaves  on  burning  0*1062  gram  of  ash. 
Calculate  the  amount  of  ash  left  on  burning  filters  pos- 
sessing the  following  radii :  (a)  3  centimetres,  (b)  4  centi- 
metres, (c]  5  centimetres,  (d)  6  centimetres,  (e)   8  centi- 
metres, (/)  10  centimetres. 

1 6.  A  perfectly  cylindrical  tube  90  millimetres  in  length 
holds  exactly  one  gram  of  water  at  4°  C.     Calculate  its 
internal  diameter. 

17.  I    require   a  perfectly  spherical  bulb  to  hold  300 
cubic    centimetres.     What    internal    diameter    must    it 
have  ? 

1 8.  A   cylindrical  graduated  tube    15    millimetres   in 
diameter  holds  25  cb.  centimetres  up  to  the  hundredth 
division.     Calculate  the  value  in  grams  of  water  at  4°  C. 
of  one  division.     What  will  be  the  length  between  each 
division  ? 

19.  A  flask,  nominally  of  I  litre  capacity,  is  found  to 
contain  997  grams  of  distilled  water  at   15°  C.,  when  the 
lowest  point  of  the  meniscus  coincides  with  the  graduation 
mark  ;  (see  table  III)  by  how  much  do  its  contents  fall 
short  of  their  supposed  value  ? 

20.  A  5OC.C.  pipette  delivers  50  grams  of  water  at  16°  C.; 
what  is  the  true  volume  of  the  space  up  to  the  graduation 
mark  ? 

21.  In  the  verification  of  a  Monies  burette  successive 
volumes  of  10  c.c.'s  of  water,  at  15°  C.,  weighed  9-94  grm., 
9*99  grin.,  io'o6grm.,  IO'I3  grm.,  10*19.  grm.  What  correc- 
tions should  be  applied  to  obtain  the  volumes  delivered  from 
the  zero-mark  to  the  20,  40,  and  50  c.c.  marks  respec- 
tively ? 
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CONVERSION  OF  THERMOMETRIC  SCALES. 

(C.  Centigrade  ;  F.  Fahrenheit  ;  R.  Reaumur.) 

Fahrenheit  to  Centigrade  f  (F.°—  32)  =  C.° 

Centigrade  to  Fahrenheit  j    C.°+32  =  F.° 

Reaumur  to  Fahrenheit     f   R.°+32  =  F.° 

Fahrenheit  to  Reaumur     |(F.0~32)  =  R.° 

Centigrade  to  Reaumur     |   C.°  =  R.° 

Reaumur  to  Centigrade     f   R.°  =  C.° 


EXAMPLES. 

I.  What  temperature  on  the  Centigrade  scale  is  equal 
to  212°  F.? 

212    -    32   =    I08 

180  x  5        900 


2.  What  temperature  on  the  Centigrade  scale  is  equal  to 
o°  F.  ? 

o  -  32  =  -  32 

-  32  X  5         -  160 

-JT  —   -  -  17  77  C 

3.  Express  60°  C.  on  Fahrenheit's  scale. 

60  X  9         540 

5         T  =  Io8 

Ans.  108  -f-  32  =  140°  F. 

4.  Express  —  1 5  C.  on  Fahrenheit's  scale. 

-  15  X  9  =     ~  135 
5  5 

Ans.  -  27  +  32  =  +  5°  F. 
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QUESTIONS. 

22.  Express  the  following  temperatures  in  °C. 

60°  F.  o°  R.  -10°  R. 

80°  R.  -I5C'5  F.  25C'S  R. 

o°  F.  500°  F.  oc'2  F. 

23.  Express  the  following  temperatures  in  °R. 

I5°'5C.  i2oo°F.  o°-25C. 

60°  F.  -40°  C.  o°-o  F. 

32°  F.  240°  C.  i5c'oF. 

24.  Express  the  following  temperatures  in  CF. 

4°-o  C.  12°  R.  212°  C. 

I5C'5  C.  o°'i  C.  360°  R. 

60°     C  80°  R.  i°-oC. 

25.  Bromine  boils  at  I38°7  F.     What  is  the  correspond- 
ing temperature  on  the  Centigrade  scale  ? 

26.  Ether  boils  at  34°'9  C.,  alcohol  at  78°'4  C.,  and 
sulphuric  acid  at  338°  C.     What  are  the  corresponding 
boiling-points  on  Fahrenheit's  scale  ? 

27.  Mercury  freezes  at  -38°'8  C.  and  boils  at  3S7°'2S  C. 
Calculate  the  corresponding  temperatures  on  the  scales  of 
Reaumur  and  Fahrenheit. 

28.  Cast-iron  melts  at  1550°  C.,  zinc  at  423°  C.,  lead  at 
334°  C.,  tin  at  235°  C.     Calculate  these  temperatures  in 


29.  At  what  point  are  the  numbers  on  the  scales  of 
Fahrenheit  and  Celsius  identical  ?  To  what  temperature 
does  this  point  correspond  on  the  scale  of  Reaumur  ? 
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CORRECTION  OF  THERMOMETER 
READINGS. 

Thermometer  readings  require,  in  general,  to  be  corrected  : 

(1)  For  change  in  the  zero-point. 

(2)  For  the  cooling  of  that  portion  of  the  thread  not 
immersed  in  the  heating  medium  (the  emergent  thread). 
For  the  most  accurate  work  a  correction  is  also  applied 
for  the  want  of  uniformity  of  the  bore  of  the  capillary 
stem,  generally  by  means  of  a  table  formed  by  calibration 
of  the  tube  or  by  comparison  of  the  individual  thermo- 
meter with  a  standard  instrument.     Finally,  the  mercurial- 
thermometer  readings,  to  be  comparable,  should  all  be 
reduced  to  air-thermometer  readings  by  means  of  Table 
VII.  (Appendix). 

An  approximate  correction  for  the  emergent  thread  may 
be  obtained  by  means  of  the  expression  8  (t  —  /')#,  where 
S  the  co-efficient  of  apparent  expansion  of  mercury  in 
glass  =  '000154,  /  =  the  observed  temperature  on  the 
thermometer,  /'  =  the  mean  temperature  of  the  cooled 
column  as  determined  by  an  attached  thermometer,  and 
n  —  the  length  in  degrees  of  the  cooled  column. 

In  ordinary  cases  8  =  '000145  gives  a  result  nearer  the 
truth  than  the  actual  coefficient ;  a  useful  table  calculated 
by  means  of  this  constant  is  appended  (Table  VIII).* 


EXAMPLES. 

I.  In  the  determination  of  the  boiling-point  of  a  sample 
of  ethyl  formate  a  thermometer  is  used  indicating  o°'8 
when  plunged  into  melting  ice.  When  the  stem  is  en- 
tirely surrounded  by  vapour  the  reading  taken  is  55°. 
What  is  the  corrected  boiling-point  ? 

*  Several  other  formulae  have  been  proposed  to  calculate  the  correction 
required,  but  neither  these  nor  the  one  given  above  give  the  true  correction 
in  all  cases  ;  for  moderate  values  of  n  Table  VIII.  is  fairly  true  if  thermo- 
meters of  the  ordinary  type  are  employed.  See  the  article  "Zur  Korrection 
der  Thermometerablesungen  fur  den  herausragenden  Faden,"  by  Dr.  E. 
Rimbach,  in  the  Zeitschrift  fur  Instrumentenkunde,  May  1890. 
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The  zero  of  this  thermometer  has  risen  o°*8,  hence  all 
readings  must  be  diminished  by  this  amount  and  we  have 
55°-o°-8  =  54°*2  BP  required. 

2.  With  a  thermometer  reading  o°*2  in  melting  ice,  the 
BP  of  propionic  acid  is  indicated  as  I39°*2  ;  the  column 
is  immersed  in  the  vapour  to  the  70°  mark  and  the  tem- 
perature of  the  exposed  part  is  26°  ;  what  is  the  corrected 
BP?  What  is  the  corresponding  H  -  thermometer  tem- 
perature ? 

Correction  for  change  of  zero-point  =  -o°*2. 

Correction  for  cooled  column  =  +  I°*I3  for  n  =  139*2  - 
70  =  69*2  (70  nearly),  and  /-/'  =  139*2- 26  =  113*2, 
while  from  Table  VIII.  for  n  =  70  and  /-/'  =  no  and 
1 20  the  corrections  are  +  i°*io  and  +  i°*2o  respectively. 

The  required  BP  is  therefore 

139*2 -o°'2  +  i°*i3  =  I4o°*i3. 

From  Table  VII.  139*85°  mercury  thermr.  =  140° 
hydrogen  thermr. ;  hence  140°*  13  =  (140  -  139*85)°  = 
140°*! 3  +  o°*i5  =  I4o°*28  is  the  corresponding  hydrogen- 
thermometer  temperature. 

QUESTIONS. 

30.  The  indicated  temperature  of  the  vapour  of  boiling 
methyl  acetate  is  57°*9  when  the  thermometer  is  immersed 
in  the  vapour  to  the   100°  mark  ;  the  same  instrument 
reads  o°'5  in  melting  snow  ;  what  is  the  corrected  boiling 
point  ? 

31.  During  a  fractionation  of  isobutyric  acid  4  portions 
are  collected  (a)  from  I49°*5  to  i5o°*3  (b)  from  I5oc*3  to 
I5oc*9  (c)  from  I5oc'9  to  I5i°*i  (d)  I5ic*i  to  I5i°*5  as  in- 
dicated by  a  thermometer  (standing  at  oc*4  in  clean  melting 
ice),  having  55°  immersed  in  the  vapour,  temperature  of 
outside  column  as  given  by  a  second  thermometer  being 
27°.     What  are  the  corrected  temperatures  between  which 
the  four  fractions  pass  over  ? 

32.  A  sample  of  ethene  dibromide  distils  over  mostly 
between  I3oc*6  and  J3OG*7,  n  =  55  and  t'  =  nc*3.     What 
is  the  corrected  BP  of  this  fraction?     What  is  the  corre- 
sponding temperature  on  the  hydrogen  thermometer  scale  ? 
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33.  Reduce  the  indicated  BP's  given  below  to  tem- 
peratures on  the  hydrogen-thermometer  scale. 

N204  2i°-85  (n  =  22,  /'  =  i3°-5) 

SiCl4  58°'2o  (n  =  o) 

PC13  76c'i5(>*  =  i8-2,  /'=26C) 

POC13  io7°'3o  (n  =  o). 

VOC13  I27c'i5  (n  =  10,  /'  -  30°) 

CORRECTION  OF  BAROMETER  READINGS. 

Observed  barometric  heights  are  reduced  to  the  height 
of  a  column  of  mercury  at  o°  and  at  the  level  of  the 
sea  in  latitude  45°,  which  would  produce  the  same 
pressure. 

The  corrections  needed  for  this  reduction  are  :  — 

I.  Correction  for  temperature,  due  to  expansion  of  the 
mercury  and  the  material  of  the  scale. 

Let  m  =  coefficient  of  expansion  of  Hg,  S  =  co- 
efficient of  linear  expansion  of  the  substance  of  the  scale, 
h  =  the  observed  height  of  the  barometer,  and  H  —  the 


corrected  height  ;  then  H  =  h  (  l 

*  I 


mt' 

or  approximately  H  =  h  {i  -  (m  -s]t\ 
Hence  the  required  correction  is  -  (m  -  s)t.h. 
With  a  brass  scale  we  have  H  =  h  (i  —  o*oooi62/) 

and  the  correction  is  -o'oooi62././£  ; 
and  with  a  glass  scale  similarly 

H  =  h  (i  -  0*0001  57/) 
and  the  correction  is  —  0*000157.  t.h. 

II.  Correction  for  height  above  the  sea-level  and  lati- 
tude, obtained  as  follows  :  — 

If  X  be  the  latitude,  and  x  the  height  expressed  in 
metres  of  the  place  of  observation  above  the  sea-level, 
the  length  of  the  column  of  mercury  which  produces  the 
standard  pressure  is 
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760*000=  1*946  cos  2  X  +  0*000 1 49-r.  mm.  therefore  if 
the  observed  height  of  the  barometer  be  h  the  true  or  re- 
duced height 

jj   = h  X  760 

760  +  1*946  cos  2\  -f-  0*000149  x- 

If  x  be  less  than  loom,  the  term  0*000149^  may  be 
omitted. 

As  these  corrections  are  small,  a  result  approximately 
true  is  obtained  by  taking 

H  =  h—  1*946  cos  2\  — 0*000149  •*"• 

the  greatest  error  so  made  being  0*04  mm.  A  further 
correction  is  required  for  the  combined  effects  of  error  in 
adjustment  of  the  scale  and  the  depression  of  the  column 
produced  by  capillarity,  this  correction  should  be  given 
by  the  maker  from  comparison  with  a  standard  instru- 
ment. 

EXAMPLE. 

A  Fortin  barometer  at  latitude  52°  and  2im.  above 
sea-level  stands  at  754*34  mm.  The  instrument  has  a 
brass  scale,  the  correction  for  index-error  and  capillarity 
is  +  o'26  mm.,  and  the  temperature  at  time  of  observation 
is  1 6°  C.  ;  what  is  the  reduced  reading? 

Neglecting  quantities  beyond  the  second  place  of 
decimals. 

I.  H  =  754*34  (i  -0*000162.  /)  mm. 

=  754'34~  754*34  X  0*000162  X  16  mm. 
=  7 54*34 -i -96  mm. 
—  752*38  mm- 

II.  H=  HX76o 

760  +  I'946  COS  2  X  +  O*OOOI49.  •*"* 

752*38  x  760 


760  +  1*946  cos  104°  +  0*000149.  2I- 
752*38  x  760 

760+  1*946  (-0*2419) 

752-38X760   =752*84  mm. 
759*53 
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Hence  true  height  of  barometer,  reduced  to  o°C,  sea- 
level,  and  latitude  45°  =  752*84  +  "26  mm.  =  753*10  mm. 

QUESTIONS. 

34.  The  barometer-readings  taken  during  a  gas-analysis 
with  a  Fortin  barometer,  of  which  the  maker's  correction 
was  +  0*19 mm., 'were  754*83  mm.,  756*21  mm.,  757*39  mm., 
and  758*27  mm.     The  temperature  of  the  instrument  was 
throughout   18°  C.,  what  were  the  barometer-heights  re- 
duced to  o°C.  ? 

35.  Supposing  the  barometer  to  stand  at  753*82  mm.  at 
London  (Lat.  51°  30'  N.  T  =  8CC).,  Liverpool  (Lat.  53°  25' 
N.  T  =  I4CC),  Madeira  I.  (Lat.  32°  45'  N.  T  =  2OCC),  and 
Bombay  (Lat.  19°  8'  N.T  =  I9°C.);  what  is  the  true  pressure 
of  the  atmosphere  at  each  of  these  places  ? 

36.  Fill  in  the  reduced  barometric  heights,  in  column 
VI.  of  the  annexed  table.     All  the  barometers  have  brass 
scales. 

I.  Temperature  of  barometer  at  the  time  of  observa- 
tion. 

II.  Height  of  place  of  observation  above  the  sea-level. 

III.  Latitude  of  „  „ 

IV.  Maker's  correction. 

V.  Observed  height  of  mercury  column. 


I. 

II. 

III. 

IV. 

V. 

VI. 

A.    8°     C. 

20  m. 

45°  N. 

—  o'i2  mm. 

753-72  mm. 

B.  15°     C. 

357m. 

52°  S. 

—  o'35  mm. 

761  '08  mm. 

C.  13-5°  C. 

75  m. 

63°  N. 

+  o'o8  mm. 

755  -59  mm. 

D.  17  -2°  C. 

28  m. 

25°  S. 

-  o'2i  mm. 

765-34  mm. 

E.  i6'8°  C. 

23401. 

0° 

+  o'i7  mm. 

759-37  mm. 

F.  20°     C. 

998  m. 

72°  N. 

+  o'i5  mm. 

76o'i8  mm. 

G.  xi°     C. 

105  m. 

58°  N. 

-  0*23  mm. 

762*15  mm. 
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CORRECTION  OF  THE  VOLUMES  OF  GASES 

FOR  TEMPERATURE  AND  PRESSURE. 

%» 

Law  of  Charles  :  —  Gases  under  constant  pressure 
expand  ^73  part  of  their  volume  at  o°  C.  for  every  increase 
in  temperature  of  ic  C. 

Thus  273  volumes  of  any  gas  at  o°  C. 
become  274  „  „         i°  C. 

275  „  „  2°   C. 

276  „  „         3°  C. 

273  +*    „  „         t° 

This  fraction  2*3,  or  the  slightly  more  accurate  decimal 
fraction  0*003665,  is  termed  the  coefficient  of  expansion  of 
gases. 

EXAMPLES. 

1.  10  c.c.  of  a  gas  are  measured  at    15°   C.     What 
volume  will  the  gas  occupy  at  150°  C.  ? 

273  +  15   :  273  +  150  ::   10  :  x 
423  X  io 

-^s~   =  I4'69  cc- 

2.  ioo  c.c.  of  hydrogen  are  measured  at  100°  C.     How 
many  cubic  centimetres  will  the  gas  occupy  at  —  100°  C.  ? 

273  +  10°  '•  273  -  ioo  ::  ioo  :  x 

173  X  ioo 
—      -  =    6-      c.c. 


3.  What  will  be  the  volume  at  25°  C.  of  252  c.c.  of 
oxygen  measured  at  1  5°  C.  ? 

i  +  (15  X  0-003665)  :  i  +  (25  X  0-003665)  ::  252  :  x 
1*054975  :  1-091625  ::  252  \x 

1-091625  X  252 
*"-     1-054975 
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By  increasing  the  pressure  upon  a  gas  its  volume  is 
diminished  :  by  diminishing  the  pressure  the  volume  is 
increased. 

Boyle's  Law  :  —  The  volume  of  a  gas  at  constant 
temperature  is  inversely  proportional  to  the  pressure  to 
which  it  is  subjected. 

i.  1000  c.c.  of  hydrogen  are  measured  under  a  baro- 
metric pressure  of  740  mm.  What  will  the  volume  become 
under  the  standard  pressure  of  760  mm.  ? 

760  :  740  ::  1000  :  x 
740  X  1000 
~~~' 


2.    A   litre   of  air  is  measured  at  o°  C.  and  760  mm. 
What  volume  will  it  occupy  at  740  mm.  and  15°'  5  C.  ? 


288-5  X  760  x  1000 

273  x  740  ='085-340.0. 

Daltoris  Law  of  Partial  Pressures  :  —  The  pressure  of  a 
mixture  of  chemically  indifferent  gases  and  vapours  is 
equal  to  the  sum  of  the  pressures  which  each  would  exert 
if  it  alone  occupied  the  whole  space. 

EXAMPLES. 

I.  If  loo  vols.  of  air  consist  of  20*66  O,  77*9  N,  0*03 
CO2,  and  1*40  of  aqueous  vapour,  and  the  barometer 
stands  at  760  mm.  ;  what  is  the  partial  pressure  of  each 
of  these  vapours  and  gases  ? 

760  X  20-66 
Partial  pressure  of  O  =   -  —  --  =  I57'oi  mm. 

760  x  77'9i 
„    N  =  ---  —  ^  -    =  592-11  mm. 


~^       760  x  0*03 

CO2  = i  =  0*23  mm 

100 

O  =76o  x  1-40  =   J0.64mnl 

100 
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The  pressure  of  a  vapour  in  contact  with  its  own  liquid 
is  always  the  same  at  the  same  temperature. 

2.  An  eudiometer,  graduated  in  mm.  from  the  closed 
end,  contains  coal  gas  ;  pure  boiled  water  is  introduced 
until  the  mercury  meniscus  remains  wet  ;  the  upper  level 
of  the  mercury  with  gas  dry  stands  at  400  mm.,  the  lower 
level  at  800  mm.  ;  the  average  volume  of  i  cm.  of  the  tube 
=  1*66  c.c.,  barometer  stands  at  756  mm.,  temp,  of  air  is 
i8°C.  What  are  the  volumes  of  the  dry  coal  gas  and  of 
the  vapour  of  water  in  the  moist  gas  respectively,  reduced 
to  standard  conditions  ? 

Vol.  of  dry  coal  gas  =  1*66  x  40*0=  66' 4  c.c.  at  756  - 
(800-400)  or  356  mm.  and  i8°C. 

Hence  vol.  at  ocC.  and  760  mm.   =  *&±x  35^  x  273 

760  x  291 
=  29-18  c.c. 

Tension  of  aqueous  vapour  at  i8cC.  =  15*33  mm-  ; 
hence  upper  level  of  mercury  is  depressed  to  (400  X  15*33) 
mm.  and  vol.  of  aqueous  vapour  =  i'66  X  41*536  =  68*95 
c.c.  at  15*33  mm-  and  i8°C.,  and  this  volume  of  a  gas 

m  68-95  x  15*33  X  273  =  cc  at    6o  mm>  and    CQ 

760  X  291 


QUESTIONS. 

37.  170  volumes  of  oxygen  are  measured  at  io°C.    What 
will  the  volume  be  on  the  temperature  sinking  to  o°C.  ? 

38.  A  certain  weight  of  air  measures  a  litre  at  ocC. 
How  much  will  the  air  expand  on  being  heated  to  ioo°C.  ? 

39.  A  gas  has  its  temperature  raised  from  15°  C.  to 
50°  C. ;  at  the  latter  temperature  it  measures   15  litres. 
What  was  the  initial  volume  ? 

40.  A  volume  of  hydrogen  measures  1500  cubic  centi- 
metres  at  o°  C.     How  many  cubic  centimetres  .will  it 
measure  at  (a)   I5?'5  C.,  (b)  at  50°  C.,  (c)  at  100°  C.,  and 
(d)   at   300°   C.  ?    At  what  temperature  will  it  measure 
exactly  1000  cubic  centimetres? 


1 6  CORRECTION    OF    THE 

41.  The  coefficient  of  expansion  for  gases  for  i°  C.  is 
0*003665.     What  is  the  coefficient  for  (a)    i°  F.,  and  (b) 
i°  R.  ? 

42.  A  certain  volume   of  air  preserved  at  a  constant 
temperature  measures    150  cubic  centimetres  when  the 
barometer  stands  at  760  millimetres.     On  the  following 
day  its  volume  is  found  to  have  decreased    1*52   cubic 
centimetres.     Calculate  the  alteration  in  the  height  of  the 
barometer  which  must  have  ensued. 

43.  A  balloon  containing  1 200  cubic  metres  of  coal  gas 
under  a  pressure  of  770  millimetres  of  mercury  ascends 
until  the  barometer  stands   at   530  millimetres.     What 
volume  would  the  gas  in  the  balloon  now  occupy  suppos- 
ing none  to  have  escaped  ? 

44.  A  certain  quantity  of  nitrogen  measures  155  cubic 
centimetres  at  10°  C.,  and  under  a  pressure  of  530  milli- 
metres of  mercury.     What  will  the   volume  become  at 
i8°7  C,  and  under  a  pressure  of  590  millimetres  of  mer- 
cury. 

45.  Calculate  the  temperature  at  which  air  possesses  a 
density  equal  to  that  of  hydrogen  at  o°  C. 

46.  Oxygen  is  passed  into  an  eudiometer  till  the  upper 
level  of  the  mercury  stands  at  250  mm.,  level  in  trough  at 
780  mm.     It  is  required  to  add  double  the  quantity  of 
hydrogen ;  if  the  tube  be  adjusted  till  the  trough  level 
becomes  again  780  mm.  and  the  average  volume  of  10  mm. 
of  tube  is  1 74  c.c.,  what  will  be  the  reduced  volume  of  the 
added  hydrogen,  and  what  the  reading  of  the  upper  level 
of  the  mercury  in  the  eudiometer  after  the  addition  (Bar. 
754mm.,  T.  17-5°  C.)? 

47.  Supposing  the  atmosphere  to  be  saturated  at  15°  C., 
barometer  754  mm.,  what   is  the  per  centage  volume  of 
aqueous  vapour  contained  in  the  air  ? 

48.  Defining  the  dew-point  as  the  temperature  at  which 
the  air  would  be  saturated  when  containing  the  amount  of 
vapour  of  water  present  at  the  time  of  observation,  give 
the  per  centage  volume  of  aqueous  vapour  present  in  the 
air  when  the  dew-point  is  15°  C.  and  5°  C.  respectively 
(Bar.  765  mm.). 
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49.  A  gas  burette  contains  53*2  c.c.  of  moist  coal  gas  at 
760  mm.  pressure  and  18*5°  C:  find  the  volume  of  the  dry 
gas  under  standard  conditions. 

50.  2370  c.c.  of  dry  nitrogen  are  contained  in  an  ab- 
sorptiometer,  5  c.c.  of  water  are  introduced  and  by  agita- 
tion 0*07  c.c.  of  the  gas  is   absorbed.     The  pressure  is 
brought  to  that   of   the   atmosphere,   757*3  mm.,  when 
reading  the  volumes,  and  the  temperature  remains  at  16° 
C.  :  what  is  the  volume  of  moist  nitrogen  indicated  at 
the  end  of  the  experiment  ? 


RELATIVE   DENSITY  OF   SOLIDS,   LIQUIDS, 
AND  GASES ;  VAPOUR  DENSITY. 

THE  specific  gravity  (sp.  gr.)  or  relative  density  of  a 
solid  or  liquid  substance  is  the  ratio  of  its  mass  to  the 
mass  of  an  equal  volume  of  some  liquid  taken  as  unity. 

The  standard  universally  adopted  is  pure  water  at  its 
maximum  density.  The  number  which  expresses  the 
relative  density  of  a  solid  or  liquid  substance  denotes, 
therefore,  how  much  heavier  or  lighter  the  substance  is 
than  an  equal  bulk  of  water  at  4°  C. 

I.  The  relative  density  of  a  solid  is  generally  ascertained 
by:— 

I.  The  hydrostatic  balance  method. 

Weight  of  substance  (W)  W 

nS*  ""  Weight  of  equal  vol.  water  at  4°  C.  ^  W  -  <w 

where  TV  =  weight  of  substance  in  water  at  4°  C. 

If  the  solid  be  lighter,  bulk  for  bulk,  than  water  a  sinker 
is  employed  of  weight  in  water  =  x,  and  rel.  dens.  =  d. 

W 
Rel.  dens. 


W+  x  -  w1 
where  iv'  =  weight  of  combination  in  water. 
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If  the  determination  be  made  at  f  C.,  then 

W 
Rel.  dens.  =  ~^7 X  rel.  dens,  of  water  at  f  C. 


EXAMPLE. 

A  piece  of  iron  sulphide  (white  pyrites)  weighed  in  air 
4'8934  grams  :  in  water  it  weighed  3*8860  grams.  Calcu- 
late its  rel.  dens. 

4^934  4^934 

Rel-  dens'  =  4-8934  -  3T886o  -  ?5o74  =  4'857' 

II.  The  specific  gravity  flask  method. 

If  W  —  weight  of  substance  in  air,  #/'  =  weight  of 
flask  filled  with  water,  w"  =  weight  of  flask  filled  with 
substance  and  water  ;  we  have  weight  of  substance  in 
water  =  it/'  -  ivf  and  hence 

W 
Rel.  dens.  =   ^  _ — w~r — r  *  re*-  dens,  of  water  at  f  C. 

2.  The  relative  density  of  a  liquid  is  commonly  found 
by:- 

I.  The  specific  gravity  flask  method. 

Let  x  —  weight  of  the  empty  flask,  w  —  weight  of  flask 
filled  with  water  at  f  C.,iu'  =  weight  of  flask  filled  with 
liquid  under  examination,  then 

w1  —  x" 
Rel.  dens.  =  -  X  rel.  dens,  of  water  at  f  C. 

iv  —  x 

II.  Weighing  an  insoluble  solid  in  water  and  in  the 
liquid. 

Let  x  =  weight  of  solid  in  air,  w  =  weight  in  water  at 
/°  C.,  ?v'  =  weight  in  liquid,  then 

x  —  w1 
Rel  dens.  =  X  rel.  dens,  of  water  at  /°  C. 

x  -  iv 


SOLIDS,    LIQUIDS,    AND   GASES.  19 

III.  The  method  of  balanced  liquid  columns. 

If  h  =  height  of  column  of  water  and  h1  =  height  of 
balancing  column  of  liquid,  then 

Rel.  dens.  =  T/' 


EXAMPLES. 

1.  Find  the  rel.   dens,   of  absolute  alcohol  from  the 
following  data  :  — 

Weight  of  bottle  empty    .     .     .     .     i     37200  grams. 
„  filled  with  water       .     7*9582       „ 

„  „        alcohol     .     7*1508       „ 

7*1508  —  37200 
7-9583  -  37300 

2.  A  glass  rod,  weighing  1  3  grams  in  air,  weighs  8  grams 
in  water,  and  3*8  grams  in  sulphuric  acid  ;  what  is  the 
sp.  gr.  of  the  sulphuric  acid  ? 


Density  of  gases  and  vapours  :  —  The  density  of  any 
substance  at  a  known  temperature  (and  pressure,  in  the 
case  of  gases  and  vapours)  is  the  mass  of  a  unit  of  volume 
of  the  substance  at  that  temperature  (and  pressure). 

The  sp.  gr.  or  rel.  dens,  of  a  gas  or  vapour  is  the  ratio 
of  its  mass  to  the  mass  of  an  equal  volume  of  hydrogen 
measured  at  the  same  temperature  and  pressure. 

The  rel.  dens,  of  a  gas  is  commonly  termed  the  density 
of  the  gas,  and  the  rel.  dens,  of  the  vapour  of  any  sub- 
stance the  vapour  density  of  the  substance. 

One  gram  of  hydrogen  under  standard  conditions 
measures  11*1636  litres  ;  this  volume  accordingly  becomes 
a  convenient  unit  of  volume  for  measuring  densities. 
Using  this  unit,  the  densities  are  expressed  by  the  same 
numbers  as  the  relative  densities  or  specific  gravities. 

One    litre  of  hydrogen  gas  at  o°  C.   and  760  mm. 

c  2 
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barometric   pressure   and  at   the  level   of  the   sea  and 
latitude  45°  weighs  0-08958  gram. 

3.  The  rel.  dens,  of  a  gas  is  determined  by  : — 

I.  Weighing  a  known  volume  of  the  gas  by  means  of : — 

A.  A  counterbalanced  globe,  filled  by  the  evacuation 
method. 

B.  The  displacement  method  :  a  bulb  of  known  volume 
containing  an  inert  gas  is  kept  at  a  constant  temperature 
while  the  experimental  gas  is  passed  in  through  one  of 
the  leading  tubes  in  such  a  way  as,  so  far  as  possible,  to 
fill  the  bulb  by  the  displacement  of  the  contained  gas. 

C.  The  method  of  collecting  in  a  light  small  flask  over 
mercury  (Bunsen). 

II.  The  effusion  method  (Bunsen). 

The  rel.  dens,  varies  directly  as  the  square  of  the  time 
of  effusion  of  equal  volumes. 


EXAMPLE. 

In  one  of  Bunsen's  experiments,  a  certain  volume  of  air 
escaped  under  pressure  through  a  minute  orifice  in  1027 
seconds  ;  under  exactly  similar  conditions,  the  same 
volume  of  CO2  required  127-0  seconds  to  escape  through 
the  same  orifice.  What  is  the  rel.  dens,  of  CO2  (air  =  i)  ? 

Rel.  dens,  of  CO2  _  I27'o2  •     16129 
Rel.  dens,  of  air   ~~  1027*  ~~  10547 
dens,  of  CO2. 

4;  The  rel.  dens,  of  a  vapour  is  found  usually  by  : — 

I.  A.  The  direct  measurement  of  the  volume  of  vapour 
produced  by  the  evaporation  in  an  enclosed  space  of  a 
known  weight  of  the  substance — the  principle  of  the 
methods  of  Gay  Lussac  and  Hofmann. 

B.  The  indirect  measurement  of  the  same  quantity,  the 
volume  of  an  inert  gas  displaced  being  actually  measured 
— the  principle  of  Victor  Meyer's  method. 
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Or  II.  The  weighing  of  a  known  volume  of  the  vapour 
taken  at  an  ascertained  temperature  and  pressure — the 
methods  of  Dumas,  and  Deville  and  Troost. 

If  D  =  the  required  density  of  the  vapour  referred  to  H 
as  unity,  we  have  in  case  I.  A. 

r>  _  w  .  760  .  (i  +  0-00367  T) 

~  v  .  0-00008958  .(H-h).(i+  kT)> 

<w  =  weight    of   liquid   taken,    and   hence   weight    of 
vapour  formed. 

if   =   observed  volume  of  vapour  in  c.c. 

H  =  reduced  height  of  bar.  at  time  of  experiment. 

h   —  reduced  height  of  mercury  in  tube  above  that  in 
cistern. 

T  —  temperature  of  vapour. 

k    =  coefficient  of  cubical  expansion  of  glass  for  i°  C. 

And  in  case  I.  B. 

w  .  760  .  (i  +  0-00367  T) 

"  v.  0-00008958.  (H-py  where 

w  —  weight  of  liquid  taken. 

v    =  the  observed  volume  of  displaced  gas  in  c.c. 

H  =  reduced  height  of  bar.  at  time  of  experiment. 

p    =    vapour  tension   of  water   at  temperature  t°  of 
measuring  vessel. 

T  =  temperature  of  water  in  collecting  trough. 

The  methods  under  4.  II.  for  determining  vapour 
density  and  under  3.  I.  for  finding  the  rel.  dens,  of  a  gas 
require  the  following  data  : — 

P  —  the  weight  of  bulb  in  air  empty. 

P1  =  the  weight  of  bulb  filled  with  gas  or  vapour  in 
air. 

V  =  the  capacity  of  bulb  in  c.c. 

•v   —  the  volume  of  the  residual  air  in  c.c. 
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H  =  height  of  bar.  and  /  =  the  temp,  at  which  P1  is 
found. 

H1  =  height  of  bar.  and  T  =  the  reduced  temp,  of  the 
bath  at  the  time  of  sealing  or  closing  the  bulb. 

k    =  the  coefficient  of  cubical  expansion  of  the  material 
of  the  bulb. 

0*00367     =    the    coefficient    of   expansion    at    constant 
pressure  of  a  gas. 

,    0-0012932.  (V  -  V)  H 

Then  Pf  -  P  +  -.  —  r-^  —  \  —  ^     J~  =  the  weight  of 
(i  +  0-00367  .  /).  760 

vapour  taken  for  (V  -  v)  is  the  volume  occupied  by  the 
air  displaced  by  the  vapour  or  gas  and  the  weight  of  the 

0-0012932.  (V  -  v)  H 
displaced  air  =  -.  —  :  -  7  —  -T  -  -^  • 
(i  +  0*00367.  /).    760  ' 

(As  v  is  generally  small,  any  small  differences  between 
the  pressure  and  temperature  under  which  it  is  measured 
and  H  and  t  may  be  neglected.) 

and  the  volume  occupied  by  this  weight  at  H1  and  T  is 
[V(i+kT)  -  ^;+;™g;^]  which  equals  under 
standard  conditions 

l  „  *  +  0'°°367.  r-i  _         H' 

i  +  0-00367.    /  J76o.  (i  +  0-00367.  T) 

hence  the  rel.  dens,  referred  to  air  as  unity  is  given  by 
the  formula 

0-0012932.  (V  -  v\  H 


(i  +0-00367*).        760 


/r  L*r\_  ,  I  +  °'OQ367-  ^'-i         H' 

(i  •  i+  0*00367.    /J-  760.  (i  +0-00367.  T). 

0*0012932 

if  hydrogen  be  taken  as  unity  0*0012932  is  replaced  by 
0*00008958  the  weight  of  i  c.c.  of  hydrogen  in  grams. 
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The  expression  —  — 7 — ~  can  be  at  once  obtained 

i  -f-  0*00307.  1 

from  Table  V.  in  the  Appendix. 

An  approximate  value  for  the  rel.  dens,  of  a   gas    or 
vapour  is  given  by 

_  **  ~  P  +  Vni 
in  which 

D    =  the  required  rel.  dens,  referred  to  hydrogen  as 
unity. 

n*  =  the  weight  of  i  c.c.  of  air  at  /. 
nT  =  the  weight  of  I  c.c.  of  air  at  T. 


EXAMPLES. 

I.  In  a  determination  of  the  vapour  density  of  heptane 
by  Hofmann's  method  (I.  A.),  the  following  data  were 
obtained : — 

Weight  of  liquid  taken     .     .  0-0769  gram. 

Volume  of  vapour        .     .     .  6977  c.c. 

Temperature  ....  99'6o°C. 

Barometer  ....  749'o  mm. 

Height  of  mercury  column  .  493*4  mm. 

Find  the  vapour  density  of  heptane. 

i  073232 


From  table  V. 


+  0*00367.99  6  i 

and  (H  -  h]  =  749-0  -  493-4  =  255*6 

Therefore,  neglecting  the  expansion  of  the  glass, 

_     0*0769  X  760.1 

6977  X  255-6  X  0-73232  x  0-00008958  =  4"  ' 

2.  Find  the  vapour  density  of  anthracene  from  the  given 
data,  determined  by  Victor  Meyer's  method. 
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Weight  of  anthracene  taken  =  0*0530  gram. 
Temperature  of  water  in  measuring  cylinder    .    i7*2°C 
Reduced  height  of  barometer    .....     720*8  mm. 
Volume  of  air  collected    .......     7*8  c.c. 

0*0530  x  760  x  (i  +  0*00367  x  17*2)  = 
7*8  x  0-00008958  x  (720-8  -  14-6) 

3.  Calculate  the  vapour  density  of  the  body  furnishing 
the  following  data  :  — 

Weight  of  empty  globe,  in  air,  24*4722  grams. 
Weight  of  globe  sealed,  with  vapour.  1 

in  air  at  <f  C.  and  762  mm.  P      '  J  2S'°122  Srams' 
Temp.  215°  C.,  bar.  762  mm.,  at  time  of  sealing. 
Capacity  of  the  globe,         169*5  c.c. 
Residual  air,  12*5  c.c. 

Our  approximate  formula  is 

D  =  P*  -  P  +  Vn* 

(V  -v}nT        =   H'436 

.'./>=  (25*0122  -  24*4722)  +  (169*5  X  0-001252-^8) 

(169*5   -  I2*5).0*000722'f|§ 

=  0*5400  +  0*2128 
iS7.o-ooo722.m-*4'43 

=  07528.14-436. 
1  57.0-000722.  ?-u.  = 

From  the  more  accurate  formula 


'' 


+  Q-Q0367  T).  760. 


7-  ^1   ^'.0-00008958 

/I  +0-00367.  /J  76o.(i  +0-003677;) 
Taking  k  for  glass  equal  to  0*000023,  we  have 
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,  o*ooi2932.(i69*5-i2*5).762. 

25-0122  -24'4722+—  /  -  N     ^ 

J  _  *  ^       ^(  1  4-Q-OQ367  X  2  1  5)760 


762.0*00008958 
760.  (1+0-00367x21  5). 


_ 
[170-3-  2r6]  762.0-00008958. 
J76o         1789 

=  °737i  XI  789*  76o 

1487x0-00008958x762  ~  9    73* 


QUESTIONS. 

51.  Calculate  the  relative  density  of  a  solid  substance 
from  the  following  numbers  :  — 

Weight  of  substance  in  air    ...     2*4554  grams. 
„  „      water    .     .     .     2*0778  grams. 

52.  Determine  the  relative  density  of  "gold  from  the 
following  data  :  — 

Weight  of  gold  in  air     .     .     .     .     4*6764  grams. 
Loss  of  weight  in  water     .     .     .     0*2447  grams. 

53.  Find  the  relative  densities  of  the  following   sub- 
stances :  — 

Granite  Marble  Hamatite 

Weight  in  air.  409*82  grams.  53*2841  grams.  13.6287  grms. 
„   water.  259*31     „     .  33*4020     „     .  10*9406    „    . 

54.  Determine  the  relative  density  of  wood  from  the 
following  numbers  :  — 

Weights  of  :  wood  in  air,  4  grams,  ;  a  silver  sinker, 
10  grams,  ;  wood  and  sinker  under  water,  8*5  grams. 
Relative  density  of  silver  =  10*5. 

55.  A  platinum  wire  10  cm.  in  length  weighs  0*12  gram. 
The  relative  density  of  platinum  being  21*275,  calculate 
the  diameter  of  the  wire. 
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56.  A  glass  bulb  of  120  c.c.  capacity  weighs  14*5  grams. 
The  relative  density  of  the  glass  being  2*48,  calculate  the 
thickness  of  the  walls  of  the  bulb. 

57.  Faraday  calculated  that  the  gold  contained  in  4 
sovereigns  could  be  drawn  into  a  wire  long  enough  to 
surround  the  earth.     The  weight  of  a  sovereign  is  7  '988 
grams,  and  91*66%  of  this  is  pure  gold,  possessing  a 
relative  density  of  19*3.    Assuming  that  the  length  of  a 
quadrant  of  the  earth  is  10,000,857  metres,  find  the  thick- 
ness of  the  wire. 

58.  A  piece  of  bell-metal,  weighing  7*550  grams  in  air, 
weighs  6*6635  grams  when  weighed  under  water. 

Determine  the  percentage  amount  of  copper  and  of  tin 
in  the  piece  on  the  assumption  that  no  alteration  in  bulk 
has  occurred  in  alloying  the  two  metals. 

Relative  density  of  copper  =  8*93  ;  of  tin  =  7*292. 

59.  A  piece  of  cast  iron,  the  relative  density  of  which  is 
known  to  be  7  *2,  is  suspected  to  have  internal  cavities. 

Its  weight  is  found  to  be  203*04  grams,  and  when  sus- 
pended in  water  at  4°  C.  it  is  found  to  weigh  171 '84  grams. 
What  is  the  total  volume  of  these  cavities? 

60.  Find  the  relative  density  of  calcium  from  the  fol- 
lowing determination  by  Bunsen  : — 

Weight  of  empty  bottle    ....     13*640  grams. 
„        bottle  filled  with  naphtha  20*275 
„  „  partly  „  „       .     16*650 

„  „     „       „   and  calcium  19*150 

„  „  full  of  naphtha  and  „    21*576 

Relative  density  of  naphtha    .     .     .       0*758 

61.  From  the  given  data,  calculate  the  relative  densities 
of:— 


Weights  of 

Substance  in 
air. 

Bottle  -f  water. 

Bottle  +  water 
and  substance. 

Quartz      .     . 
Heavy-spar  . 
Calcite  ^  .     . 
Iron  pyrites  . 

3-445  grams. 

Il'2l6        ,, 
34'I5I        n 

o'795     ,, 

75  '103  grams. 
69*002     ,, 

8o'20I        ,, 

5*337      n 

77-248  grams. 
77*7i8     „ 
ioi'824     ,, 
5*973      ,, 
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62.  Calculate  the  relative  density  of  sea  water  from  the 
following  data : — 

Weight  of  bottle  empty 3'53°5  grams. 

„  filled  with  sea  water,     77849        „ 

„  filled  with  water  7*6722        „ 

63.  From  the  given  data,  calculate  the  relative  densities 
of  the  liquids  given. 


Weights  of 

Bottle  empty. 

Bottle  filled 
with  water. 

Bottle  filled 
with  substance. 

A.  A  mineral  water  .  . 
B.  Vanadyl  trichloride  . 
C.  Chromyl  dichloride  . 
D  Alcohol  .  . 

14*1256  gm. 
i'74*3    „ 
3'53i2    „ 

111*1370  gm. 
6*8880    „ 
7-6649    „ 
20*2051 

111*7050  gm. 
11*2190    „ 
11*4692    ,, 
17*0876    ,, 

64.  A  specific  gravity  flask  holds  2,545  milligrams  of 
alcohol,  42,740  of  mercury,  and  5,829  of  sulphuric  acid. 

Calculate  the  relative  density  of  the  sulphuric  acid  and 
mercury,  the  density  of  the  alcohol  being  0-8095. 

65.  A  solid  weighs  in  vacua  100  grams ;  in  water  85 
grams ;    and  in  another  liquid  88  grams.     What  is  the 
relative  density  of  this  liquid  ? 

66.  A  piece  of  a  certain  metal  weighs  37395  grams  in 
air  ;  2*3545  grams  in  water  ;  and  2*0896  grams  in  another 
liquid.     Calculate  the  relative  density  of  the  metal  and  of 
the  liquid. 

67.  A  column  of  distilled  water  100  mm.  high  is  found 
to  balance  columns  of  (a)  glycerine  79*3  mm.  high,  (b) 
olive  oil  109*3  mm.  high,  (c)  turpentine  114*9  rnm.  high. 
What  are  the  relative  densities  of  these  three  liquids  ? 

68.  When  a  mercury  barometer  registers  760  mm.,  a 
glycerine  barometer  indicates  8203  mm.,   and   a   water 
barometer  10,162  mm. ;  the  vapour  tension  of  water  at  the 
temperature  of  the  air,  15°  C.,  is  127  mm.  of  mercury. 
What  are  the  relative  densities  of  the  mercury  and  glycer- 
ine? 

69.  Regnault    obtained,    by    his    method  of  counter- 
balanced glass  globes,  the  following  data,  from  which  it  is 
required  to   calculate  the    relative   density    of  nitrogen 
(air  =  i). 
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I.  Balloon  filled  with  air  while  im- 
mersed in  melting  ice.  Height  of  baro- 
meter, reduced  to  o°  C.,  at  the  moment 

of  closing  the  tap HQ  =  761-19  mm. 

Weight  added  to  balloon p  =     i  -487  gram. 

II.  Balloon  evacuated.     Pressure  of 
residual  air,  when  balloon  is  immersed 

in  ice hQ  =  843  mm. 

Weight  added  to  balloon      .    .    .    .     P  =  14*  141  gram. 
Air  being  replaced  by  nitrogen,  same  conditions. 

I.  HQ  =  758'55  mm. 
p     =  1-8725  gram. 

II.  /z0    =  2*18  mm. 

P    =14-227  gram. 

70.  With  the  same  apparatus,  the  figures  given  for  hy- 
drogen were  : — 

I.  //o  =  756-16  mm. 
p     =13-301  gram. 

II.  k$    =  3-40  mm. 

P    =  14*1785  gram. 
With  air  =  I,  find  the  relative  density  of  hydrogen. 

71.  Calculate  the   density   of  thiophosphoryl  fluoride 
from  the  following  data  : — 

I.  Capacity  of  glass  bulb  at  I5*8°C.  and 

776  mm. 239*86  c.c. 

Weight  of  bulb  in  air  at  17*1°  C.  and 

771  mm.  .  .  . 597543  grams. 

Weight  of  bulb  in  air  at  17°  C.  and 
771  mm.  filled  with  gas  and  re- 
sidual nitrogen  at  10*7°  C.  and 
771  mm 60*3954  grams. 

Volume  of  residual  nitrogen  at  1 1  *3°C. 

and  771  mm ..  78*9  c.c. 

II.  Capacity  of  glass  bulb  at  15-8°  C.  and 

776  mm 239*86  c.c. 

Weight  of  bulb  in  air  at  15*8°  C.  and 

776  mm 59*7282  grams. 

Weight  of  bulb  in  air  at  15*8°  C.  and 
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778  mm.  filled  with  gas  and  residual 

nitrogen  at  77°  C.  and  778  mm.    60*5274  grams. 
Volume  of  residual  nitrogen  at  9*6°  C. 

and  777  mm.     •    •    •  • 43*4  c.c. 

72.  An  experimental  determination  of  the  density  of 
hydrofluoric  acid  under  diminished  pressure  gave  : — 

Weight  of  bulb  and  caps  in  air  at 

197°  C.  and  772mm 244  0120  grains. 

Weight  of  bulb  and  caps  and  vapour 

in  air  at  17*5°  C.  and  772  mm.  .    244*0025      „ 
Cocks  turned  off  at  31*8°  C. 
Bar  772*3  mm.,  manometer  reading 

106*2  mm. 
Weight  of  bulb  and  caps  +  water  at 

24*3°  C 528*18  grams. 

Residual  air,  reduced  to  o°  C.  and 

760  mm 3*58  c.c.       „ 

Weight  of  I  c.c.  of  air  at  o°  C.  and 

760  mm 0*0012928    „ 

Coefficient  of  cubical  expansion  of 

platinum  for  i°  C. 0*000027      „ 

Sp.gr.  of  air,  H  =  i 14*435 

.  Hence  find  the  rel.  dens,  of  the  vapour  of  hydrofluoric 
acid,  under  the  conditions  at  closing  the  cocks,  as  com- 
pared with  air,  and  with  hydrogen. 

73.  From  the  tabulated  data,  calculate  the  correspond- 
ing relative  densities  of  hydrofluoric  acid  at  the  given 
temperatures. 


Height  of  Percentage  vol.  of  Pressure  of 

Bar.               residual  air.  vapour. 

26*4°        756  mm.                   1*51  745  mm. 

27-8°        763                            2*23  746 
29*2°       762 


32*0°  754*5 
33'i°  77o'5 
767 


36-3°       751 
38*7°       764 


i'55  75o 

i'52  743 

2-64  750 

1*14  758 

i*58  739 

1*69  751 
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74.  A  determination  of  the  density  of  methyl  bromide 
made  by  Bunsen  according  to  his  method  yielded  the 
following  data.  Calculate  the  relative  density  of  the 
compound  (H  =  i). 

Vol.  of  gas,  at  0*7464  m.  and  16*8°  C.    .    .  42*19  c.c. 
Height  of  mercury  above  the  level  of  the 

metal  in  trough 0*0243  m. 

Weight  of  the  flask  and  gas 7 '9465  grams. 

Weight  of  the  flask  and  air 7*8397      „ 

Temperature  in  balance  case 6*2CC. 

Height  of  barometer 0*742 1  m. 


75.  Bunsen  determined  the  times  of  effusion  through  a 
minute  aperture  of  the  same  volume  of  gases  as  follows  : — 

Carbon 

Air.     Oxygen.      Air.     dioxide. 
102*5      108*5        1027       127*0. 
103        109  1027       127*5, 


Air.   Hydrogen. 

(1)  105*5       297 

(2)  105*6       29*3 


Find  the  rel.  dens,  of  each  gas  compared  with  air. 

76.  The  data  below  were  obtained  in  three  determina- 
tions of  the  vapour  density  of  P4O6  according  to  Hermann's 
method ;  calculate  the  V.D.  in  each  case,  (A)  Air  =  i.  (B) 


I. 

II. 

III. 

Weight  of  substance  taken 
Temperature  of  tube  and 

0*1887  grams. 

0-1887  grams. 

TCQ°   C 

o'i887  grams. 
184°  C 

Temperature  of  air  .     .     . 
Barometer  
Height  of  mercury  column 
Volume  of  vapour  at  T°  C. 
Tension    of    mercury    at 
T°  C  

20°  C. 

770  mm. 
625  mm. 
137-5  c.c. 

i  "5  mm 

20°  C. 

769  mm. 
616  mm. 
1  39  '6  c.c. 

5  '6  mm. 

20°  C. 

769  mm. 
605  mm. 
141  -45  c.c. 

12  mm. 

77.  A  series  of  experiments  by  Ramsay  and  Young, 
under  varying  conditions,  yielded  the  following  data,  from 
which  the  vapour-density  of  acetic  acid  is  to  be  found  in 
each  case  (Hermann's  method).  (H '  =  i). 
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Weight  taken. 

Reduced 
Temp. 

Corrected 
pressure. 

Volume. 

A.    0*01126  gram. 

50°    C. 

13-4    mm. 

170*06  c.c. 

B.    0*03565     ,, 

78-4  „ 

63'2       ,, 

137-8     „ 

C.    0*01126     ,, 

Il8*2    ,, 

84  "05     „ 

45'i5    » 

D.   0*03565     ,, 

162*5  ,, 

373'i       » 

37'o     „ 

E.    0*03565     ,, 

184-1  „ 

79*'6      „ 

18         „ 

78.  In  the  determination  of  a  vapour  density  by  Gay- 
Lussac's  method  the  following  data  were  obtained  :  — 

Weight  of  substance  taken,  0*1163  grams.  Temp,  of 
bath,  2i5°C.  Observed  volume  of  vapour,  50770.0.  Bar- 
ometer, 755*5  mm.  Difference  of  height  of  mercury  inside 
and  outside  of  tube,  80*0  mm.  Height  of  spermaceti 
column  reduced  to  mm.  of  mercury,  16*9  mm.  Required 
the  sp.  gr.  of  the  vapour  (H  —  i)  ;  also  the  weight  of  one 
litre  at  o°  C.  and  760  mm.  barometric  pressure,  assuming 
the  vapour  to  behave  like  a  perfect  gas. 

79.  Using  a  porcelain  vessel,  heated   in  a  Perrot's  fur- 
nace to  1027°  C.,  Victor  Meyer  obtained  the  data  given 
below,  from  which  the  vapour  density  is  to  be  calculated. 


I. 

II. 

Weight  of  substance  taken  (Iodine) 
Barometer    •     .     . 

0*0874  grams. 
722*8  mm 

0*0847  grams. 
722*8  mm. 

Temperature  of  the  room  .... 
Volume  of  air  displaced     .... 

2i*5°C. 
i3'7  c.c. 

K-aT'C 

i3'3  c.c. 

80.  From  the  tabulated  data,  obtained  by  Victor  Meyer's 
method,  find  the  sp.  gr.  of  the  vapour  of  each  substance, 
referred  (i)  to  air,  (2)  to  hydrogen,  as  unity. 


Substance. 

Weight 
taken. 

Temp,  of 
room. 

Bar. 

Volume  of  air 
displaced. 

A.     CHC13 
B.     CS2 
C.      OH2 
D.     Iodine 

0*1008  gram. 
°'o495     >, 

O*OIO2        ,, 
0*II05        ,, 

16*5°  C. 
16*5°  C. 
16*1°  C. 
16*0°  C. 

707*5  mm. 
717*8  mm. 
723*3  mm. 
714*8  mm. 

22  C.C. 

16*4  c.c. 
14*6  c.c. 

II'I  C.C. 
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81.  The  specific  gravity  of  coal-gas  is  about  0*5  referred 
to  air  as  unity,  and  air  is  14*435  times  heavier  than 
hydrogen.  Calculate  from  these  data  the  weight  of  coal- 
gas,  at  10°  C.  and  530  mm.  pressure,  required  to  fill  a 
balloon  having  a  capacity  of  800  cu.  m. 


i)  of  a  hydride 


82.  Calculate  the  vapour  density  (H  - 
from  the  following  numbers  : — 

Balloon  with  air,  407955  grams.  Temperature,  11°  C. 
Balloon  with  vapour,  41*0960  grams.  Temperature  of 
sealing,  173°  C.  Capacity  of  balloon,  189  c.c. 

83.  Calculate  the  vapour  density  of  camphor  vapour 
(H '  =  i)  from  the  following  numbers,  obtained  by  Dumas 
according  to  his  method  : — 

Temp,  of  air,  1 3*5°  C.  Bar.  742  mm.  Temp,  of  bath  at  the 
moment  of  sealing  the  globe,  244°C.  Increase  of  the 
weight  of  globe,  0708  grams.  Volume  of  mercury  re- 
quired to  fill  the  globe,  295  c.c.  Residual  air  nil. 

84.  In  a  series  of  determinations  by  Deville  and  Troost 
of  the  vapour  density  of  sulphur,  the  following  figures 
were  obtained  : — 


I. 

II. 

111. 

Temperature  of  the  air 

10°  C. 

15°  C. 

10°  C. 

Height  of  barometer    .     . 
Difference  of  weighings   . 
Volume  of  porcelain  bulb  . 

769*5  mm. 
—  0*190  gram. 
281  c.c. 

760  mm. 
—  0*176  gram. 
280  c.c. 

769*4  mm. 
-0*203  gram. 
303*5  c.c. 

Residual  air    

3  c.c. 

6  c.c. 

•a'e  c  C 

Temp,  of  bath  (Zn  vapour) 

1040°  C. 

1040°  C. 

1040  C. 

Find  the  vapour  density  in  each  case,  taking  air  =  i. 
Coefficient  of  cubical  expansion  of  porcelain  =  o'ooooioS. 
(N.B.  The  second  weighing  gives  a  figure  here  less  than 
the  first  with  the  empty  bulb  in  air.) 

85.  Using  a  modification  of  Dumas7  method,  Friedel 
and  Crafts  obtained  the  following  data,  from  which  the 
vapour  density  of  aluminic  chloride  is  to  be  calculated  : — 
Temp,  of  vapour,  398*2°  C.  Pressure  of  vapour,  0*97 
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atmosphere.  Barometer  height,  754*8  mm.  Volume  of 
globe,  250  c.c.  Residual  air,  245  c.c.  at  10*3  mm.  and 
1 7 -2°  C.  Excess  of  weight  of  globe,  0*8765  gram.  Weight 
of  air  displaced  0*3020  gram. 


AVOGADRO'S  HYPOTHESIS  ;  DENSITY  AND 
MOLECULAR  WEIGHT;  VALENCY,  EQUI- 
VALENTS AND  ATOMIC  WEIGHTS. 

According  to  Avogadro's  Hypothesis  equal  volumes 
of  gases,  at  the  same  temperature  and  pressure,  contain 
the  same  number  of  molecules. 

Hence  it  follows  that  the  molecular  weights  of  bodies  in 
the  state  of  gas  or  vapour  are  in  the  same  ratio  as  their 
specific  gravities  or  vapour  densities  :  e.g.  if  H  =  i,  the 
sp.  gr.  of  gaseous  HC1.  =  18*18. 

Assuming  the  molecular  weight  of  H  to  be  2,  the 
molecular  weight  of  HC1  is  36*36. 

The  molecular  weight  of  a  gaseous  element  or  compound 
may  be  thus  defined  :  The  molecular  weight  of  a  gaseous 
element  or  compound  is  a  number  which  expresses  how 
many  times  greater  than  two  unit  masses  of  hydrogen  is 
the  mass  of  the  specified  element  or  compound  which 
occupies  (under  the  same  conditions  of  temperature  and 
pressure)  the  same  volume  as  is  occupied  by  these  two 
unit  masses  of  hydrogen.  The  maximum  atomic  weight 
of  an  element  is  a  number  which  expresses  how  many 
times  greater  is  the  smallest  mass  of  that  element  which 
combines  with  other  elements  to  form  a  compound  gaseous 
molecule,  than  the  smallest  mass  of  hydrogen  which  com- 
bines with  other  elements  to  produce  a  compound  gaseous 
molecule,  such  smallest  mass  of  hydrogen  being  taken  as 
unity.  (Watts's  Diet.  I.  p.  341.) 

That  property  of  an  atom  which  determines  the  number 
of  other  atoms  with  which  it  can  combine  to  form  a  com- 
pound molecule  is  termed  its  valency  or  atomic  value. 
Valency  is  usually  expressed  as  the  number  of  hydrogen 
atoms,  or  atoms  chemically  equivalent  to  hydrogen,  which 
one  atom  of  the  specified  element  can  combine  with  or 
replace  when  in  the  same  state  as  in  the  compound 
considered. 
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The  equivalent  of  an  element  is  the  number  expressing 
that  weight  of  the  element  which  will  combine  with  or 
replace  the  unit  weight  of  hydrogen. 

Let  E  —  the  equivalent  of  any  element,  A  —  its  atomic 
weight,  and  V  =  its  valency  in  the  compound  used  for 
determining  the  equivalent ;  the  relations  between  these 
quantities  are  expressed  by  the  equation  A  =  E  .  V. 

The  numerical  value  of  the  molecular  weight  of  any 
substance  is  obtained  by  the  summation  of  the  atomic 
weights  of  the  component  elements  each  multiplied  by  the 
number  denoting  how  many  of  such  atoms  are  contained 
in  the  molecule,  e.g.  the  molecular  weight  of  alcohol, 
C2H6O,  is  found  thus  (12  X  2)  -f-  (i  x  6)  +  16  =  24+  6 
+  16  =  46. 

QUESTIONS. 

86.  If  the  density  of  sulphuretted  hydrogen  =  1791, 
ammonia  =  0*597,  nitrous  oxide  =  1*520,  marsh  gas  = 
°'555>  chloroform  =  4*20,   and  stannic  chloride  =  9*20, 
as  compared  with  air,  what  are  the  molecular  weights  of 
these  bodies  taking  the  molecular  weight  of  hydrogen  as  2  ? 

87.  Determine  the  weight  of  one  litre  of  the  following 
simple  gases  and  vapours  at  o°  and   760  mm.,  on  the 
supposition  that  they  can  all  exist  as  perfect  gases  at  the 
standard  temperature  and  pressure  : — 

Oxygen.  Sulphur.  Sodium. 

Chlorine.  Phosphorus.  Arsenic. 

Iodine.  Nitrogen.  Mercury. 

88.  Calculate  the  volume,  at  the  standard  temperature 
and  pressure,  of  a  kilogram  of  each  of  the  following  gases 
and  vapours  : — 

Carbon  monoxide.  Ethylene. 

Hydrogen  sulphide.  Oxysulphide  of  carbon. 

Marsh  gas.  Bromine. 

Water.  Hydrochloric  acid. 

89.  What  weight  of  each  of  the  specified  substances  is 
represented  by  the  appended  formulas,  taking  one  gram 
as  the  unit  of  weight  ? 

Lead  chloride,  PbCl2  ;  Silicon  fluoride,  SiF4  ; 
Ferric  chloride,  FeCl3  ;  Methyl  bromide,  CH3Br. 
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90.  Find  the  density  (air  =  i)  of  : — Carbon  anonoxide, 
CO  ;    Carbon  bisulphide,  CS.2 ;    Sulphur  trioxide,  SO3 ; 
Boron  trifluoride,  BF3  ;  Phosphorus  pentafluoride,  PF6. 

91.  If  the  electro-chemical  equivalent  of:   Oxygen  = 
7*98,   Silver  =   107*66,   Chlorine  =   35*37,   Antimony  = 
39'86,  and  Copper  =  31*59,  and  the  hydrogen-replacing 
power  of  these  elements  in  the  compounds  used  in  rinding 
the  equivalents  be  for  one  atom  of  the  element  taken, 
Oxygen  2,  Silver  i,  Chlorine  I,  Antimony  3,  and  Copper 
2  atoms  ;  what  are  the  atomic  weights  of  these  elements  ? 

92.  From  the  data  given  deduce  the  probable  atomic 
weight  of  oxygen  : 


Gaseous 
compound. 

Rel.  dens, 
(air  =  i). 

Rel.  dens. 
X  28-87 
approximate 
mol.  wt. 

Mole- 
cular 
weight. 

Analysis  stated 
in  parts  by  wt. 
per  mol. 

Carbon  dioxide 

**53 

44  '2 

43'89 

31  '920  +  n'97C. 

Sulphur  dioxide 

2-25 

64-9 

63-90 

31*920  +  31-988. 

Sulphur  trioxide 
Carbon  monoxide 
Water    .     .     . 

2-9 
0-97 
0*63 

SB"? 
27-97 

l8'2 

79-86 
28-93 
17-96 

47-880  +  31-988. 
15*960  +  11*97  C. 
15-960  +  2  H. 

Nitric  oxide    . 

i  04 

30  "o 

29-97 

15-960  +  14-01  N. 

93.  Find  the   most  probable  atomic  weight  of  carbon 
from  the  appended  experimental  results  : 


Gaseous  compound. 

Rel.  dens, 
(air  =  i). 

Analysis  in  parts  by  wt. 

Marsh  gas  
Methyl  iodide 
Chloroform      .... 
Carbon  monoxide     .     . 
Carbon  bisulphide    .     . 

o'555 
4-883 
4*20 

0-968 
2-645 

i'97C.  +  <.*oH. 
i  '97  C.  +  126*53  I  +  3*0  H. 
1-97  C.  +  io6'n  Cl  +  1*0  H. 
i'97C.  +  15-960. 
1*97  C.  +  63-968. 

94.  Find  the  molecular  weights  of  the  following  bodies  : 

Cadmium  at  940°,  Rel.  dens.  =  3-94,       (air  =   i). 
Phosphorus  at  500°,  Rel.  dens.  =  4-35,  „ 

Mercury  at  446°,  Rel.  dens.  =  6*98,  „ 
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95.  Select  the  most  probable  atomic  weight  for  phos- 
phorus as  indicated  by  the  given  experimental  results  : — 


Gaseous  compound. 

Rel.  dens, 
(air  =  i). 

Analysis  in  parts  by 
wt. 

Phosphorus  hydride     .... 
Phosphorus  chloride     .... 

Triethyl  phosphine  oxide      .     . 

i'i5 

4'88 

4'6o 

30-96  P.  +  3-0  H. 
30*96  P.  -f  io6'n  Cl. 
/3o'96P.  +  15-960. 
\+  71-820.  +  15-0  H. 

How    many    atoms    are    there    in     the     phosphorus 
molecule  ? 


DEDUCTION  OF  THE  EMPIRICAL  FOR- 
MULA OF  A  BODY  FROM  ITS  PERCEN- 
TAGE COMPOSITION;  FORMULAE  OF 
MINERALS. 

In  order  to  calculate  the  empirical  formula  of  a  com- 
pound, divide  the  percentage  amount  of  each  constituent 
by  its  corresponding  atomic  weight  :  divide  each  of  the 
quotients  so  obtained  by  the  lowest  number,  and  reduce 
them  to  their  simplest  ratios. 

EXAMPLES. 

I.  A  body  on  analysis  yielded  the  following  percentage 
composition  : — 

Carbon  ....    27*273 
Oxygen.    .    .    .   72727 


Calculate  its  empirical  formula. 


The   atomic  weight   of  carbon  =  12  ;  that  of  oxygen 
=  16. 
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Then 

c  =  27-273  =  2.2727 

j          .;       I         0=^1=4-5454 

The  simplest  relation  between  the  carbon  and  oxygen 
is  at  once  seen  to  be  as  I  to  2,  since 

2-2727  :  4*5454  ::  i  :  2. 
Hence  the  formula  of  the  compound  is  CO2 

2.  A  compound  of  hydrogen  and  nitrogen  was  found  to 
possess  the  following  percentage  composition.  Calculate 
its  formula. 

Nitrogen   .    .    .  82-353 

Hydrogen.    .    ,  17*647 

100*000 


The  atomic  weight  of  N  =  14,  and  of  H  =  i. 

=  82-353  =  . 


H=  17-647  = 

The  simplest  ratio  between  the  nitrogen  and  hydrogen 
is  as  i  to  3,  since 

5-882  :  17*647  ::  i  -3. 

Hence  the  formula  of  the  body  is  NH3. 


3.  A  compound  of  iron  and  oxygen  possesses  the  fol- 
lowing percentage  composition.     Calculate  its  formula. 

Iron 70*01 

Oxygen    ....     29*99 


100*00 


At.  weight  of  Fe  =  56*0.     At.  weight  of  O  =  16. 
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Then 


The  ratio  between  1*2514  :  1*8744  ::  I  '•  I'S 

The  simplest  ratio,  in  whole  numbers,  is  therefore  2  :  3. 
Hence  the  formula  of  the  body  is  Fe2O3. 


FORMULAE  OF  MINERALS. 

There  exist  many  groups  of  minerals  of  which  the  in- 
dividual members  are  composed  of  equal  numbers  of 
atoms  similarly  combined,  and  which  possess  the  same 
or  nearly  the  same  crystalline  form ;  such  groups  are 
termed  isomorphous  groups,  and  the  minerals  forming 
each  group  are  said  to  be  isomorphous  with  each  other. 

Isomorphous  minerals  may  replace  each  other  without 
affecting  the  exterior  form  of  the  mineral  partially  re- 
placed. As  the  percentage  amount  of  the  elements  in 
such  minerals  is  different  in  each  case,  mixed  minerals 
do  not  admit  of  being  directly  represented  by  a  simple 
formula  derived  as  above  from  the  percentage  composition. 

It  is  the  practice  to  represent  minerals  of  this  type  by  a 
general  formula  obtained  by  considering  the  particular  iso- 
morphous substance  present  in  greatest  quantity  as  the 
typical  substance  and  reducing  the  quantities  of  the  re- 
placing bodies  to  equivalent  quantities  of  the  typical  body, 
when  the  formula  may  be  at  once  obtained  by  the  ordin- 
ary means. 

When  possible,  mineral  analyses  are  ordinarily  reported 
as  percentages  of  oxides,  and  in  the  calculation  these  oxides 
are  considered  as  the  isomorphous  components  to  be 
reduced  to  terms  of  that  present  in  greatest  amount. 

As  an  example  we  may  consider  the  case  of  ankerite  : 
an  analysis  of  which  by  Schrotter  yielded  the  following 
results  : 
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CaO  ....  26-90 

MgO.     .     .     .  7-84 

FeO  ....  19*91 

MnO.     ...  1-82 

C02  .     .     .     .  43'OS 

99*52 


CaO  is  the  oxide  present  in  greatest  quantity  :  we  there- 
fore reduce  the  other  oxides  to  their  equivalents  of  CaO 
and  adding  all  together  we  obtain  the  typical  composition 
of  the  mineral  considered  as  if  it  were  a  Ca  compound  ; 
thus  :— 

7  '4  X  5     __  IQ.g3  _  cao  equivalent  to  MgO  present. 
40 

19-91  X  56  =         g  =  CaO  equivalent  to  FeO  present. 

72 

1-82  X  56.  =  r46  =  CaO  equivalent  to  MnO  present. 
70 

Hence  total  typical  oxide  present  (M"  O) 

parts. 
=  26-90  +  10*98  +  15-48  +1*46  =  54*82 

combined  with  CO2  ... 43*05 

By  the  ordinary  method 

M"  O.     .     .     - —  =  0*98  nearly,  and  -3-  =  i 
56  0-98 

C02    .          .   43'°5  =  0-98  nearly  ?2|  =  I 

44  0-98 

Hence    typical    composition    is    M"O.CO2    or    M"CO3, 
where  M"  represents  Ca,  Mg,  Fe,  and  Mn. 

The  formula  of  ankerite  may  therefore  be  written  (Ca, 
Mg,  Fe,  Mn)  CO3. 
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QUESTIONS. — Deduce  the  formulae  of   the  following 
substances  : — 


96.  Hydrogen  . 
Oxygen 

97.  Nitrogen    . 
Oxygen  .     . 

!  98.  Iron  .     .     . 
Oxygen  .     . 

99.  Carbon  .     . 
Oxygen  .     . 
Sulphur 

loo.  Potassium  . 
Hydrogen  . 
Sulphur  .     . 
Oxygen  .     . 

!  101.  Magnesium 
Sulphur 
Oxygen  .     . 
Water    .     . 

1  02.  Zinc  .     .     . 
Sulphur 
Oxygen 
Water    .     . 

.     5-88 
.  94-12 

1  103.  Calcium     .     . 
Phosphorus    . 
Oxygen      .     . 

1  104.  Sodium     .     . 
Aluminium     . 
Fluorine    .     . 

105.  Potassium 
Nitrogen   .     . 
Oxygen      .     . 

1  06.  Aluminium  . 
Sulphur   .     . 
Oxygen    .     . 

107.  Copper      .     . 
Carbon      .     . 
Hydrogen  .     . 
Oxygen      .     . 

1  1  08.  Hydrogen 
Oxygen      .     . 
Nitrogen   .     . 
Sulphur 
Nickel  .     .     . 

.  3872 
.  20*00 
.  41-28 

100*00 

lOO'OO 

•  30-43 
.  69-57 

.  3279 

.  13-02 

.  54-19 

100*00 

.  70*01 

•  29-99 

100*00 

lOO'OO 

.  45-95 
.  16-45 
-  37-60 

.    20-00 

.  26-67 

•  53'33 

lOO'OO 

100*00 

8  en  K)  1-1 
ON  00  ON 

.  2873 
•     073 
.  23*52 
.  47-02 

lOO'OO 

.    57-46 

•       5-43 
.      0'9I 
.    36*20 

.    976 
.  13-01 
.  26*01 

.  51*22 

100*00 

100*00 

'•  33-88 
.  14*84 
.  16-95 

.  2270 
.  11*15 
.  22*28 

.  43-87 

lOO'OO 
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109.  Carbon  . 
Hydrogen 


1 10.  Carbon. 
Hydrogen 


Carbon  . 
Hydrogen 
Sulphur 
Oxygen . 


•  8571 

•  H'29 

lOO'OO 

.  92*3 

•  77 


i  oo-o       113. 

19-04 

476 

25-40 

50-80 


112.  Carbon 
Hydrogen. 
Nitrogen  . 


Carbon 
Hydrogen . 
Nitrogen   . 
Oxygen 
Platinum  . 
Chlorine    . 


.  74-07 
.  8-64 
.  17-29 

lOO'OO 


46-66 

4-26 

5-20 

5-92 

18-26 

1970 


lOO'OO 


1114.  Show  that  a  mineral  having  the  following  per- 
centage composition  is  represented  by  the  formula 
MOCO2  when  M  signifies  a  metal  of  the  magnesium 
family  : 

Lime 

Magnesia 

Iron  monoxide .     .     .     . 

Manganese  monoxide     . 

Carbon  dioxide      .     .     . 

99*3 

1 1 5.  The  mineral  kerolite  gave  the  following  numbers 
on  analysis.     Calculate  its  formula  : 

SiO2  MgO  H2O 

46-96  31*26  21*22  =  99-44. 

1 1 6.  A  specimen  of  cobalt-bloom  was  found  to  have  the 
following  composition.     Determine  its  formula  : 

As2  O5        Co  O        Fe  O        H2O 
38-43         36-52          roi         24-10=100-06 

117.  Calculate  the  formula  of  soda-feldspar  from  the 
following  analysis : — 

SiO2    A12O3     Fe2O3    CaO     MgO    K2O    Na2O 

68-45     i%"Ji       0*27       0-50      0-18     0*65      11-24=100-00. 
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1 1 8.  Calculate  the  formula  of  labradorite  from  the  fol- 
lowing analysis  : — 

SiO2       A12O3       Fe2O3       CaO       MgO      Na2O 

52*52        30*03         172         12*58        0*19        4*51  =  101*55. 


TO  CALCULATE  THE  PERCENTAGE  COM- 
POSITION OF  A  COMPOUND  FROM  ITS 
FORMULA. 

FIRST  calculate  the  molecular  weight  of  the  compound  by 
adding  together  the  sums  of  its  atomic  weights.  Thus 
the  formula  for  water  is  H2O  ;  its  molecular  weight  is 
therefore  17-96. 

Atomic  weight  of  H.  =    i       1x2=     2 
Atomic  weight  of  O.  =  15*96  15*96 

17*96 

In  order  to  calculate  from  the  molecular  weight  of  the 
compound  the  percentage  amount  of  its  constituents — 
that  is,  to  determine  how  much  of  each  constituent  is  con- 
tained in  100  parts  of  the  compound — multiply  the  amounts 
of  the  several  constituents  in  the  compound  by  100,  and 
divide  each  of  the  products  by  the  molecular  weight  of 
the  compound.  Thus,  to  calculate  the  amounts  of  hydro- 
gen and  oxygen  contained  in  100  parts  of  water  : — • 

2  x  IPO 
17*96 

16  x  100 
0  =  -  =  88'86 


1 00 '00 


Table  I.  in  the  Appendix  gives  the  atomic  weights  of 
the  elements  according  to  the  most  trustworthy  deter- 
minations. 
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QUESTIONS. 

Calculate  the  percentage  composition  of  the  following 
compounds  : — 

119.  Water       H2  O. 

1 20.  Potassium  chlorate    ....  K  Cl  O3. 

121.  Mercury  monoxide    ....  Hg  O. 

122.  Potassium  nitrate      ....  K  N  O3. 

123.  Sodium  nitrate, Na  N  O3. 

124.  Barium  sulphate Ba  S  O4. 

125.  Calcium  carbonate    ....  Ca  C  O3. 
.  126.  Silver  chloride Ag  Cl. 

127.  Magnesium  pyrophosphate  .  Mg2  P2  O7. 

128.  Potassium  platinum  chloride  2  (K  Cl)  +  Pt  C14. 

129.  Sodium  thiosulphate.    .    .    .  Na2  S2  O3  +  5  H2  O. 

130.  Magnetic  oxide  of  iron     .    .  Fe3  O4. 

131.  Hausmannite Mn3  O4. 

132.  Copper  pyrites Cu2  S  +  Fe2  S3. 

133.  Stromeyerite Ag  Cu  S. 

134.  Stilbite Ca  O  AU  O3  .  6  Si  O, 

+  5  H"2  O. 

135.  Idocrase 9  (2  Ca  O  .  Si  O2)  . 

2(2Al203.3Si02). 

136.  Spodumene 3  (Li2  O  .  Si  (X). 

4  (A12  03  .  3  Si  02). 

137.  Sphene Ca  Si  O3 .  Ca  Ti  O3. 

138.  Pyromorphite 3  Pb3  P2  O8  .  Pb  CL. 

139.  Ethyl  alcohol C2  H0  O. 

140.  Cane  sugar C12  H22  On. 

141.  Xylene Cs  H10. 

142.  Cymene C10  H14. 

(  C2  H6. 

143.  Silicon  ethyl Si  <  £*  S? 

J  ^2  "6« 

f  C2  H5. 

144.  Potassium  thiacetate    ...     C2  H3  K  O  S. 

145.  Potassium  ferrocyanide     .    .     K4  Fe  C6  N6. 

146.  Kreatin C4  H9  N3  O2  +  H2  O. 

147.  Rosaniline C20  H21  N3O. 

148.  Strychnine C21  H22  N2  O2. 
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CHEMICAL  EQUATIONS;  TO  CALCULATE 
THE  AMOUNT  OF  MATERIAL  REQUIRED 
TO  PRODUCE  A  GIVEN  WEIGHT  OF  ANY 
SUBSTANCE  OR  THE  QUANTITY  OF  THE 
SUBSTANCE  PRODUCED  BY  THE  DECOM- 
POSITION OF  A  KNOWN  WEIGHT  OF  THE 
MATERIAL. 

Chemical  equations : — The  results  of  any  chemical 
actions  are  represented  by  equations  in  which  the  signs 
+  —  and  =  are  used  in  the  same  sense  as  in  algebra,  so 
far  as  regards  the  weights  of  matter  represented  by  the 
symbols. 

The  meaning  of  such  an  equation  will  be  best  shown  by 
examples. — 

1.  H2SO4  +  BaCl2  =  BaSO4  +  2  HC1. 

This  equation  indicates  not  only  that  sulphuric  acid  and 
barium  chloride  react  to  produce  barium  sulphate  and 
hydrochloric  acid,  but,  further,  that  the  molecular  weight 
of  sulphuric  acid  reacts  with  the  molecular  weight  of 
barium  chloride  to  produce  the  molecular  weight  of  barium 
sulphate  and  twice  the  molecular  weight  of  hydrochloric 
acid ;  hence  98  parts  by  weight  of  sulphuric  acid  react 
with  208  parts  by  weight  of  barium  chloride  to  form  233 
parts  by  weight  of  barium  sulphate  and  73  parts  by  weight 
of  hydrochloric  acid  gas. 

The  number  of  atoms  of  each  element  must  be  the  same 
on  either  side  of  the  equation,  consequently  the  total 
number  of  atoms  must  be  the  same  on  either  side.  The 
numbers  of  molecules  before  and  after  a  reaction  are  not 
necessarily  the  same. 

2.  H2+C12=2  HC1. 

Here,  as  in  (i),  it  is  indicated  that  2  parts  by  weight  of 
hydrogen  combine  with  7 1  parts  by  weight  of  chlorine  to 
produce  73  parts  by  weight  of  hydrochloric  acid.  But  the 
equation  signifies  more :  as  we  know  the  molecular  weights 
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of  all  the  reacting  bodies  and  products  it  shows  that  a 
molecule  of  hydrogen  combines  with  a  molecule  of 
chlorine  to  form  two  molecules  of  hydrochloric  acid  gas. 
If  we  state  the  molecular  weights  in  grams  we  know  from 
the  equation  that  22*4  litres  of  hydrogen  combine  with 
22*4  litres  of  chlorine  to  yield  44*8  litres  of  hydrochloric 
acid,  for  two  grams  of  hydrogen  measure  22*4  litres  ap- 
proximately at  the  standard  conditions  and,  by  Avogadro's 
hypothesis,  equal  numbers  of  molecules  under  the  same 
conditions  occupy  equal  volumes. 


EXAMPLES. 

i.  How  much  oxygen  can  be  obtained  by  the  decom- 
position of  loo  grams  of  mercury  monoxide  ?  The  symbol 
for  mercury  monoxide  is  HgO  :  hence  its  molecular 
weight  is  216. 

Hg  =  200 
O     =     16 


216 


When  mercury  monoxide  is  heated,  it  is  completely 
resolved  into  oxygen  and  metallic  mercury, 

2Hg  O  =  2Hg  +  02, 

432  parts  of  mercury  monoxide  giving  400  of  mercury  and 
32  of  oxygen.  If,  therefore,  32  grams  of  oxygen  are  evolved 
by  the  decomposition  of  432  grams  of  mercury  monoxide, 
how  many  grams  of  oxygen  will  be  evolved  by  the  decom- 
position of  100  grams  of  mercury  monoxide? 

432  :  100  ::  32   :  x. 

x  =  7-407. 

7-407  grams  of  oxygen  will  therefore  be  evolved  on 
heating  100  grams  of  mercury  monoxide. 

2.  I  want  loo  Ibs.  of  oxygen  :  how  many  Ibs.  of  potas- 
sium chlorate  must  I  take  ? 

The  formula  of    potassium  chlorate  is   KC1O3.      Its 
molecular  weight  is  therefore 
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K    =  39'I 

Cl  -  35'5 

03  =  (16x3)  43-0 


This  substance  on  being  heated  eventually  decomposes 
into  potassium  chloride  and  oxygen. 

2K  Cl  03  -  2K  Cl  +  3O2. 

That  is,  961bs.  of  oxygen  are  evolved  on  heating  245*2  Ibs. 
of  potassium  chlorate.  Then  how  many  Ibs.  of  potas- 
sium chlorate  are  required  to  yield  100  Ibs.  of  oxygen  ? 

96   :   100   :  245*2   :  x. 

x  =  255-4  Ibs. 

Hence  it  would  require  255*4  Ibs.  of  potassium  chlorate 
to  yield  100  Ibs.  of  oxygen. 

3.  How  many  cubic  centimetres  of  oxygen  and  hydrogen, 
measured  at  io°C.  and  770  mm.  pressure,  can  be  obtained 
by  the  decomposition  of  I  gram  of  water  ? 

The  symbol  for  water  is  H2O,  its  molecular  weight  is 
1 8.  The  weight  of  hydrogen  yielded  by  a  gram  of 
water  is 

18   :  I    ::  2   :  x 

x  —  o'liii  gram. 
The  weight  of  oxygen  is 

18  :   i    ::  16  :  x 

x  =  0-8889 

i  'oooo  gram. 

1000  cubic  centimetres  of  hydrogen  at  o°  C.  and  760  mm. 
weigh  0*08936  grams.  Then  what  volume  would  0*1111 
gram  of  hydrogen  occupy  ? 

0*08936   :  o'lin    ::   1000   :  x. 

x  —  1243*28  c.c.  of  hydrogen. 

This  at  10°  and  770  mm.  would  measure 

273  :  273  +  io\         To^-oQ   . 
770  :  760  J     '•   I24o-S   ;,* 

x  =  1272*09  c.c. 
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1000  cubic  centimetres  of  oxygen  at  o°  C.  and  760  mm. 
weigh  (16  X  0*08936  gram)  =  I  '42976  grams.  Then  what 
volume  would  0*8889  grams  occupy  ? 

1*42976   :  0*8889  ::  1000  :  x. 

x  =  621713  c.c.  of  oxygen. 

This  at  10°  C.  and  770  mm.  would  measure 

273  :  273 
770  :  760 


273  :  273  +  10  )     ..  67I.7T,   . 

]     "  62171^   '  * 


x  =  636*116  c.c. 

Therefore,  a  gram  of  water  on  being  decomposed  would 
yield  at  10°  C.  and  770  mm.  pressure,  1908*206  c.c.  of 
mixed  gases  consisting  of 

Hydrogen     .     .     1272*09    c.c. 
Oxygen    .     .     .       636*116    „ 

1908*206 


QUESTIONS. 

149.  How  much  potassium  chlorate  is  needed  to  furnish 
I  Ib.  of  oxygen  ? 

150.  I  require  2  kilograms  of  oxygen  :  how  much  (a) 
mercury  monoxide,  (6)  potassium  chlorate,  (c)  manganese 
dioxide,  (d)  sulphuric  acid,  shall  I  need  ? 

151.  On  completely  decomposing  by  heat   a  certain 
weight  of  potassium  chlorate,  I  obtain  20*246  grams  of 
potassium  chloride.     What  weight  of  potassium  chlorate 
did  I  take,  and  how  much  oxygen  was  evolved  ? 

152.  A  gas  bag  has  a  capacity  of  45  litres  :  how  much 
manganese  dioxide  containing  70  per  cent,  of  Mn  O2  is 
required  to  fill  it  with  oxygen  at  15°  C.    and   760  mm. 
barometric  pressure  ? 

153.  132*74  kilograms  of  hydrogen  are  needed  to  inflate 
a  balloon.     What  weight  of  zinc  and  sulphuric  acid  will 
be  required  to  produce  this  quantity  of  gas  ? 
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154.  Iron,   zinc,  and  sulphuric  acid  diluted  so  as  to 
contain  20  per  cent,  of  real  acid  (SO4H2),  are  supplied  to 
you.     Find  the   amount   of  these  materials  required  to 
produce  the  above  quantity  of  hydrogen,  (i)  by  the  action 
of  sulphuric  acid  upon  iron,  (2)  by  the  action  of  sulphuric 
acid  upon  zinc. 

155.  What  weight  of  potassium  chlorate  is  needed  to 
furnish  oxygen  sufficient  to  burn  the  hydrogen  evolved  by 
the  action  of  water  upon  200  grams  of  sodium  ? 

156.  How  many   cubic   centimetres    of  oxygen    and 
hydrogen  measured  at  12°  C.  and  under  a   pressure   of 
762  mm.  of  mercury  can  be  obtained  by  the  electrolysis 
of  10  grams  of  water  ? 

157.  loo  grams  of  steam  is  passed  over  1000  grams  of 
red-hot  iron  wire.      Required  the  volume   of  hydrogen 
evolved  measured  at  10°  C.  and  742  mm.  pressure,  and 
the  weight  of  iron  oxide  produced. 

I5^.  77  per  cent,  of  the  weight  of  the  air,  freed  from 
moisture  and  carbonic  acid,  consists  of  nitrogen.  Calcu- 
late the  weight  of  (a]  metallic  copper,  and  (ft)  of  phos- 
phorus required  to  abstract  the  oxygen  from  I  Ib.  of  air. 

159.  Required  the  weight  of  ammonia  and  of  chlorine 
needed  to  produce  a  litre  of  nitrogen. 

1 60.  What    quantities    of   nitre   and    Chili    saltpetre 
respectively   will  be   required  to   obtain   the   maximum 
quantity  of  nitric  acid  by  reaction  with   140  kilos,  of  97 
per  cent,  sulphuric  acid  ? 

!  161.  How  much  nitre  and  sulphuric  acid  shall  I  need 
to  prepare  nitric  acid  enough  to  neutralize  exactly  5  Ibs. 
of  chalk? 

162.  Calculate   the  volume   of  nitrogen   monoxide   at 
15°   C.  and   740  mm.  produced  on  heating  30  grams  of 
ammonium  nitrate. 

163.  What  weight   of  copper  is   required   to   yield  a 
litre  of  nitrogen  dioxide  at  oc  C.  and  760  mm.  ? 
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164.  At  the  ordinary  temperature  and  pressure  water 
absorbs  50  per  cent,  of  its  weight  of  ammonia.     Calcu- 
late the  amount  of  sal-ammoniac  and  quicklime   needed 
to  produce  10  kilograms  of  Liquor  Ammonice. 

165.  Coal  contains  about  2  per  cent,  of  nitrogen.     As- 
suming that  75    per   cent,    of  this   amount   escapes   as 
ammonia  on  distillation,   calculate   the  amount   of  coal 
required  to   furnish    the   sal-ammoniac  needed  to   pro- 
duce the  10  kilograms  of  Liquor  Ammonia. 

1 66.  Calculate  the  weight   of  air  required  to  burn  a 
ton  of  coal   possessing   the   following   percentage  com- 
position : — 

Carbon,  88*42  ;  Hydrogen,  5'6i  ;  Oxygen,  5*97. 

167.  How  much  marble   and  hydrochloric   acid   con- 
taining 22  per  cent.  HC1  are  needed  to  yield  10  litres  of 
carbon  dioxide  at  15°  C.  and  760  mm.  barometric  pres- 
sure ? 

1 68.  According  to  Boussingault,  a  square  metre  of  leaf 
will  decompose  in  sunlight  rio8  litres  of  carbon  dioxide 
in  an  hour.      Calculate  in  tons   the    amount   of  carbon 
assimilated  in  an  hour  by  a  million  trees,  each  possess- 
ing 100,000  leaves,  and  each  leaf  containing   25    square 
centimetres.      Calculate    the  volume   of  the   carbon   so 
assimilated  on  the  assumption   that   it   possesses    a   sp. 
gr.  of  I '6. 

!  169  How  many  litres  of  (i)  hydrogen  and  of  (2)  car- 
bonic oxide  gases  at  10°  C.  and  750  mm.  can  be  obtained 
by  the  decomposition  of  100  grams  of  steam  by  passing 
it  over  red-hot  charcoal  ? 

170.  I  require    10  litres  of  carbon  monoxide  at  o°  C. 
and    760    mm.    pressure.       How    many    grams    of    (i) 
oxalic   acid,  (2)   of  formic   acid,   and    (3)    of  potassium 
ferrocyanide  shall  I  need  ? 

171.  Required  the  weight  in  grams  of  sodium  acetate  to 
yield  10  litres  of  methane  at  o°  and  760  mm. 

172.  Manchester  coal-gas   contains   35    per   cent,   by 
volume  of  marsh  gas.     Calculate  the  weight  of  this  gas 
in  a  gasometer  holding  100,000  cubic  feet  of  coal-gas. 

173.  Calculate  the  weight  in  kilos,  of  air  needed,  and  of 
carbon  dioxide  and  water  formed,  by  the  complete  com- 
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bustion  of  10,000  litres  of  Manchester  coal-gas  possessing 
the  following  composition  by  volume  : — 

Hydrogen 45  '58 

Marsh  gas   ........  34'9° 

Carbon  monoxide      .     .     .     .     .  6*64 

Ethylene 4-08 

Butylene 2*38 

Sulphuretted  hydrogen ....  0*29 

Nitrogen 2*46 

Carbonic  acid 3*67 

1 00 '00 


174.  I  oo  grams  of  pure  silver  cyanide  are  shaken  up 
with  1 20  grams  of  hydrochloric  acid  containing  26*1  per 
cent,  of  HC1.     Required  the  amount  of  silver  chloride 
produced,   and  the  percentage   amount  of  hydrocyanic 
acid  in  solution. 

175.  Required  the  weight  of  manganese  dioxide   con- 
taining 60   per   cent.  MnO2  to  liberate   all    the   iodine 
from  100  grams  of  potassium  iodide. 

176.  A  manufacturer  of  bleaching  powder  requires  10 
tons  of  chlorine.     How  much  salt,  manganese  containing 
59  per  cent,  of  the  dioxide,  and  sulphuric  acid  containing 
58  per  cent,  of  real  acid,  will  he  need  ? 

177.  What  weight  of  hydrochloric  acid  gas  is  produced  in 
the  manufacture  of  100  tons  of  salt  cake  ?    What  volume 
of  gas  escapes  supposing  the  manufacturer  to  condense 
only  92  per  cent,  of  the  quantity  evolved  ? 

J78-  5*75  grams  of  silver  nitrate  are  added  to  575 
grams  of  a  solution  of  hydrochloric  acid  containing 
10*22  per  cent.  H  Cl.  How  much  silver  is  precipitated 
and  how  much  remains  in  solution  ? 

179.  What  weight  of  bleaching  powder  can  be  theo- 
retically produced  from  150  tons  of  manganese  contain- 
ing 68  per  cent,  of  the  dioxide  ? 

1 80.  Required  the  weight  of  potassium  chlorate  yielded 
by  the  chlorine  evolved  from  100  tons  of  manganese  con- 
taining 60  per  cent,  of  the  dioxide. 
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1 8 1 .  What  weight  of  potassium  bromate  can  be  obtained 
by  neutralizing  520  grams  of  bromine  with  potash  ? 

182.  lodic  acid  may  be  obtained  by  passing  a  stream  of 
chlorine  through  water  containing  iodine  in  suspension. 
How  much  iodine  and  chlorine  will  be  needed  to  prepare 
loo  grams  of  iodic  acid  ? 

183.  Required  the  weight  of  copper  and  sulphuric  acid 
needed  to  yield  3  litres  of  sulphurous  acid  at  the  standard 
temperature  and  pressure. 

!  184.  A  vitriol-maker  prepares  100  tons  of  vitriol  of 
specific  gravity  I  '6,  containing  70  per  cent,  of  acid  :  how 
many  tons  of  pyrites  containing  42  per  cent,  of  sulphur 
must  for  this  purpose  be  burnt?  Supposing  that  3  per 
cent,  of  the  theoretical  yield  of  sulphur  remained  unburnt 
in  the  pyrites,  what  would  be  the  difference  in  the  pro- 
duction of  sulphuric  acid  ? 

185.  What  volume  of  oxygen  at  10°  C.  and  743  mm.  of 
mercury  can  be  obtained  by  the  decomposition  of  a  litre 
of  sulphuric  acid  possessing  a  density  of  1*854  at  o°  C.  ? 

1 86.  What  weight  of  iron  sulphide  will  be  needed  to 
yield  a  litre  of  hydrogen  sulphide  at  o°  C.  and  760  mm., 
and  how  much  air  will  be  required  to  burn  this  gas  com- 
pletely to  water  and  sulphur  dioxide  ? 

f  187.  I  gram  of  phosphorus  is  to  be  converted  into  the 
pentachloride.  How  many  litres  of  chlorine  at  o°  C. 
and  760  mm.  are  required  ? 

1 88.  How  much  crystallized  microcosmic  salt  must  be 
ignited  to  furnish  a  gram  of  sodium  metaphosphate  ? 

!  189.  An  alkali-maker  consumes  300  tons  of  salt  per 
week  :  he  divides  three-quarters  of  his  yield  of  soda-ash 
equally  for  the  preparation  of  soda  crystals,  bicarbonate, 
and  solid  caustic  containing  70  per  cent.  Na2O.  What 
weight  of  sulphur  will  he  need  to  use  weekly,  and  what 
is  the  theoretical  weekly  yield  of  the  four  products  of 
manufacture  ? 

190.  Required  the  weight  of  limestone  needed  to 
convert  50  tons  of  soda  crystals  into  bicarbonate. 

!  191.  loo  grams  of  pure  iron  is  burnt  in  excess  of  (i) 
oxygen  and  (2)  chlorine.  What  is  the  weight  of  oxide  and 
chloride  produced  ? 

E  2 
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COMBINATION    AND    DECOMPOSITION    OF 
GASEOUS  BODIES. 

EXAMPLES. 

1.  4  litres    of  hydrogen   are  mixed   with   5   litres   of 
chlorine,  and  the  mixture  exploded.      What  volume  of 
hydrochloric    acid  gas   is   produced?     Which   gas.  and 
how  much  of  it  remains  in  excess  ? 

From  the  equation 

H2  +  C12  =  2H  Cl 

2  volumes  +  2  volumes  =  4  volumes 

it  is  evident  that  i  volume  of  hydrogen  combines  with  I 
volume  of  chlorine  to  form  2  volumes  of  hydrochloric  acid 
gas.  Therefore  4  litres  of  hydrogen  would  require  4  litres 
of  chlorine,  and  would  form  8  litres  of  hydrochloric  acid 
gas,  I  litre  of  chlorine  remaining  uncombined. 

2.  1 50  cubic  centimetres  of  oxygen  are  mixed  with  400 
cubic  centimetres  of  hydrogen  and  the  mixture  exploded. 
What  volume  of  steam  is  produced  ?    Which  gas,  and 
how  much  of  it,  remains  uncombined  ? 

From  the  equation 

2  H2  +  02  -  2  H2O 

4  vols.  +  2  vols.  =  4  vols. 

it  is  evident  that  150  cubic  centimetres  of  oxygen  would 
require  300  cubic  centimetres  of  hydrogen,  and  yield  300 
cubic  centimetres  of  steam,  100  cubic  centimetres  of  hy- 
drogen remaining  in  excess. 

3.  loo  cubic  centimetres  of  ammonia  gas  are  completely 
decomposed  by  a  series  of  electric  sparks,  yielding  200 
cubic  centimetres  of  mixed  hydrogen  and  nitrogen :  an 
excess  of  oxygen  is   next   added,  when  the  volume  of 
mixed  gases  is  found  to  amount  to  290  cubic  centimetres. 
The  mixture  is  now  exploded,  when  65  cubic  centimetres 
of  gas  remain.     Show  from  these  data  that  the  symbol 
for  ammonia  is  NH3. 
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The  total  volume  of  the  mixed  gases  before  the  explo- 
sion was  290  cubic  centimetres  ;  after  the  explosion  65 
cubic  centimetres  remain.  Hence  (290  —  65)  =  225  cubic 
centimetres  of  oxygen  and  hydrogen  have  disappeared  to 
form  water,  and  two-thirds  of  this  contraction  gives  the 
amount  of  hydrogen  in  the  mixture,  and  hence  in  the  200 
cubic  centimetres  resulting  from  the  decomposition  of 
the  loo  cubic  centimetres  of  ammonia  gas  .  |  of 
225  =  150  cubic  centimetres.  Hence  in  the  200  cubic 
centimetres  of  the  gas,  150  cubic  centimetres  were  hy- 
drogen, the  remaining  50  being  nitrogen.  The  gases  are 
therefore  mixed  in  the  proportion  of  I  volume  of  nitrogen 
to  3  volumes  of  hydrogen,  and  hence  the  symbol  for 
ammonia  is  NHq. 


QUESTIONS. 


!  192.  20  litres  of  hydrogen  are  mixed  with  10  litres 
of  chlorine.  Which  gas  remains  in  excess  ?  How  many 
litres  of  hydrochloric  acid  are  produced  ? 

f  193.  One  cubic  foot  of  hydriodic  acid  is  decomposed 
by  an  excess  of  bromine.  How  many  cubic  feet  of  hydro- 
bromic  acid  are  formed  ? 

f  194.  The  iodine  in  100  volumes  of  hydriodic  acid  is 
liberated  in  succession  by  chlorine  and  by  oxygen.  How 
many  volumes  of  chlorine  and  how  many  volumes  of 
oxygen  are  required  ? 

195.  50  cubic  centimetres  of  hydrogen   are   exploded 
with   75   cubic   centimetres   of   oxygen.      Required  the 
total  volume  of  the  gases  after  the  explosion,  measured 
at  1 50°  C.  and  760  mm.  pressure. 

196.  How  many  litres  of  oxygen  are   contained   in   3 
litres  of  nitrogen  peroxide  (N2O4)  ? 

197.  An    unknown   volume   of  hydrogen   sulphide   re- 
quired 110-34  cubic  centimetres  of  chlorine  for  complete 
decomposition.     What  was  the  volume  of  the  hydrogen 
sulphide  ? 
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198.  How  many  cubic  centimetres  of  hydrogen  and 
nitrogen  are  contained  in  a  litre  of  ammonia  gas  ? 

f  199.  V  volumes  of  a  hydrocarbon  Cn  H2n  are  sub- 
mitted to  combustion.  How  many  volumes  of  oxygen 
are  required  for  its  complete  combustion,  and  how  many 
volumes  of  carbonic  anhydride  are  generated  ? 


are 

of 


200.  How  many  litres  of  air  at  o°  and  760   mm. 
required  for   the    complete   combustion   of    10  litres 
(i)  marsh  gas,  (2)  olefiant  gas,  (3)  acetylene  ? 

201.  5  litres  of  chlorine  are  mixed  with  5  litres  of  carbon 
monoxide.     What  volume  of  phosgene  gas  is  produced, 
and  how  much  hydrochloric   acid    and  carbon  dioxide 
would  be  produced  by  the  decomposition  of  this  gas  with 
water  ? 

202.  What  volume  of  arsenic  is  contained  in  a  litre  of 
oxide  of  cacodyl  vapour  measured  at  500°  C.  ? 


GAS  ANALYSIS  CALCULATIONS. 


The  processes  employed  in  gas  analysis  fall  naturally 
under  the  heads  : — 

I.  Proximate  analysis,  effected  by  the  successive  ab- 
sorption of  the  various  constituents  of  a  gaseous  mixture 
by  suitable  reagents. 

Ultimate  analysis,  performed  by  the  combustion  of  the 
gaseous  mixture  and  calculation  of  the  quantity  of  each 
element  present  from  the  observed  alteration  in  volume 
due  to  the  combustion,  and  the  quantities  of  CO2  and 
residual  gas  resulting  therefrom.  The  combustion  method 
in  most  cases  allows  the  proximate  composition  of  the 
mixture  to  be  obtained  indirectly  ;  e.g.  a  mixture  of  x 
c.c.  H,jc.c.  CH4,  and  z  c.c.  C2H2  yields  the  following 
data  :  A  =  original  volume  of  mixture,  B  =  contraction 
due  to  combustion,  C  =  volume  of  CO2  produced  by  the 
combustion. 
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From  the  equations 

(1)  2  H2  (2  vols.  gas)  +  O2  (i  vol.  gas)  =  2  H2O  (liquid). 

(2)  CH4  (i  vol.  gas)  +  2  O2  (2  vols.  gas)  -  CO2  (i   vol. 

gas)  +  2  H2  O  (liquid). 

(3)  2  C2H2  (2  vols.  gas)  +  5  O2  (5.  vols.  gas)  =  4  CO2  (4 

vols.  gas)  +  2  H2  O  (liquid). 

we  have 

A  =  x+y  +  z. 

B  =  \x  +  zy  +  f  *. 

C  =  y  +  2z. 
Hence 

$A  -  28  +  C  $  A  -  2B  -  C 

6 —      -•*      -- 


x,y,  and  z  are  thus  all  expressed  in  terms  of  the  measured 
quantities  A,  B,  and  C  and  can  therefore  be  readily 
found. 

It  is  required  to  measure  the  comparative  quantities  of 
gas  present  before  and  after  an  experiment  in  both  I.  and 
II.  Three  quantities  require  to  be  taken  into  account  in 
such  measurements,  namely  :  (a)  the  volume  of  the  gas, 
V ;  (ft)  its  temperature,  /  (or  absolute  temperature  273  + 
/  =  T) ;  (c)  its  pressure,  P.  With  reference  to  the 
measurement  of  F,  T9  and  P  four  cases  occur  among 
common  methods  of  gas  analysis  : — 

(A).  Tand  P  are  kept  constant,  V alone  requires  to  be 
measured.  Many  technical  processes,  e.g.  Orsat's  method, 
follow  this  plan. 

(B].  V  and  T  are  maintained  throughout  the  same,  P  is 
the  measured  quantity.  Regnault's  and  derived  processes 
use  this  method. 

T* 
(C).  The  ratio  5,  termed  the  disgregation  of  the  gas,  is 

always  brought  to  the  same  value,  V  is  the  recorded 
quantity.  Doy£re's  method  furnishes  an  example  of  this 
type. 
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(Z>).  Analysis  by  the  eudiometer  and  absorption  tube 
needs  the  observation  of  all  these  variables,  P9  V,  and  T. 

In  (A)  and  (C)  the  observed  volumes  are  in  the  direct 
ratio  of  the  volumes  reduced  to  standard  conditions  and 
hence  may  be  directly  compared ;  in  (£)  the  measured 
pressures  vary  directly  as  the  corrected  volumes  and  can 
therefore  be  substituted  for  the  latter  in  all  calculations  of 
the  relative  composition  of  the  gas  sample ;  in  (D)  all 
volumes  must  be  reduced  to  some  standard  conditions 
before  they  can  be  compared. 


EXAMPLES. 

i.  A  heating-gas,  made  by  working  coke-gas  producers 
with  air  and  steam,  yielded  on  analysis  the  following 
data  : — 

(a)  Volume  of  gas  employed 977  c.c. 

(&)  Vol.  after  absorption  of  CO2  by  potash    .     .     87*5  c.c. 

(c)  Vol.   after  absorption    of  CO    by   cuprous 

chloride 68*6  c.c. 

(d)  Vol.  taken  from  (c)  for  estimation  of  H    .     .     59-3  c.c. 

(e)  Vol.  after  addition  of  air 98*8  c.c. 

(/)  Vol.  after  combustion  with  palladium  asbestos 

in  capillary  tube 80*5  c.c. 

Assuming  the  pressure  and  temperature  to  have 
remained  constant  during  the  analysis,  calculate  the 
percentage  composition  of  the  gas. 

CO2  absorbed  by  potash  =  977  -  87*5  =  10*2  c.c. 

hence  %  of  CO,  =  '^-^?  =  10-45. 
977 

CO    absorbed    by    cuprous    chloride  =   87-5    -  68'6  = 
18-9  c.c. 

iS'Q    X    100 

hence    L  of  CO  = =  IQ'34- 

977 

Contraction  on  combustion  =  98^8  —  8o'5  =  i8'3  c.c. 
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From  equation  2  H2  +  O2  =  2  H2O,  it  is  seen  that  f 
of  observed  contraction  represents  vol.  of  H  present ; 

hence  vol.  of  H  in  59*3  c.c.  (d)  = =  12*2  c.c. 

12-2  X  68-6  X  IPO 
and  .*.  %  of  H  in  gas  =          59-3  x  977          =  I4*44* 

By  difference,  the  %  of  N  is 

100  -  10-45  ~  19*34  ~   I4'44  =  5577- 
The  percentage  composition  is  then  : — 

Carbon  dioxide     ....  10*45  Per  cent. 

Carbon  monoxide     .     .     .  I9'34        „ 

Hydrogen 14-44        >, 

Nitrogen     ......  5577        „ 

2.  A  determination  of  the  composition  of  air  by 
Frankland  and  Ward's  modification  of  Regnault's  process 
supplied  these  figures  (V  and  T  are  constant  in  this 
method)  : 

(a)  Air  alone  : — 

Height  of  Hg.  in  barometer    ....     673*0  mm. 
Height  of  mark  on  measuring  tube.     .     383*0  mm. 

(b)  Air  +  hydrogen  : — 

Height  bar 945'o  mm. 

„       mark 383*0  mm. 

(c)  After  explosion  : — 

Height  bar 763*3  mm. 

„       mark 383*0  mm. 

Hence  pressures  are  : — (a)  290*0  mm.  (b)  562*0  mm.  (c) 
380*3  mm.;  and  the  corrected  volumes  are  in  the  same 
ratio  as  the  observed  pressures,  therefore  the  percentage 
of  oxygen  present  in  the  sample  of  air  is 
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562-0  -    3803 


100 


290 


60-56  X  ioo 

290 


=  20-88. 


3.  Find  the  composition  of  a  sample  of  coal-gas  from 
the  data  given  (Bunsen.) 


Volume. 

Pressure. 

Temperature 
°C. 

\    Gas  taken 

I34'3 

0*7285  m. 

I4'5 

After  KOH  absorption    . 
After  pyrogallate  absorp-\ 
tion    ....                J 

131-1 
130*6 

0-7317  m. 
0*7293  m. 

17-8 
i7'S 

A  portion  of  the  residue  was  treated  in  an  absorption- 
tube  with  H2SO4  containing  excess  of  SO3,  and  then 
washed  with  KOH. 


Volume. 

Pressure. 

Temperature 

°c. 

B    Portion  taken 

97*3 

0*6923  m. 

18*5 

After  absorption  of  ethy-^ 
lene,  propylene,  and  > 
benzene-  vapour  .  .  .; 

93'2 

0*6835  m. 

:  18*0 

A  part  of  the  residue  from  B  was  then  exploded  in  the 
eudiometer. 


Volume. 

Pressure. 

Temperature 
°C. 

C    Part  taken 

150*9 

0*1774  n^' 

18*4 

After  addition  of  O. 

281*5 

0*3041  m. 

18*9 

After  further  addition  ofl 
air  / 

472'3 

0*4942  m. 

19*0 

After  explosion  .... 

425'5 

0*4485  m. 

17-8 

After  absorption  of  CO2  • 

407-7 

0-4375  m. 

18*0 

On  addition  of  H    .     .     . 

561*7 

0-5888  m. 

i9'3 

After  explosion  .... 

367-5 

0*3965  m. 

19*6 

The  remainder  of  the  gas  from  A   was  then  similarly 
analysed. 
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Volume. 

Pressure. 

Temperature 
°C. 

D.  Portion  taken  for  analysis 

139-3 

0*1623  m 

I5'2 

After  addition  of  O.     .     . 

2?5'8 

0*2963  m 

15-7 

After  further  addition  ofl 
air  / 

446-6 

0*4704  m 

I3'3 

After  explosion  .... 
After  absorption  of  COg  . 
Residue  +  H  

407-0 
383-0 
592*8 

0*4296  m 
0*4236  m 
0*6296  m 

14*1 
16*8 
17*1 

After  explosion  .... 

424-0 

0*4629  m 

17*2 

All  the  volumes  given  in  this  example  require  to  be 
reduced  to  some  common  temperature  and  pressure ; 
taking  o°  C.  and  I  m.  pressure  for  standards,  we  have  : — 

A.  Gas  taken  =  92*91  ;  after  KOH  absorption  = 
90*06 ; 

(92*91  -  90*06)  100         285 

hence  %  of  CO2  =  ^—^ r ' =  =  3'o7- 

92*91  92*91 

After  absorption  by  alkaline  pyrogallate,  remaining  vol. 
=  89*51,  hence  %  of 


O  = 


(90*06  -  89*51)  IOQ       0*55  x  100 


92*91 


92*91 


=  0-59. 


B.  Part  taken   =   63*08  ;  after  absorption  of  ethylene 
propylene,  and  benzene-vapour  by  SO3  =  59*75  ;  hence 

(63*08  -  59*75)  X 89*5 IX  ioo 
c/0  of  these  constituents  =  >-      -^K^p 

3*33  X  89*51  X  ioo  = 
63*08  X  92*91 

C.  Portion  taken  =  25*1  ;  after  addition  of  O  =  80* I  ; 
after  addition   of  air  =  218*2  ;  after  explosion  =  179*2  ; 
hence  contraction  =  218*2  -  179*2  =  39*0.  (i) 

After  absorption  of  CO2  produced  =  167*4  ;  hence  vol. 
of  CO2  =  179*2  -  167*4  =  11*8  (2) 

After  addition  of  H  =  308*9  ;  after  explosion  =  135*9  ; 
hence  second  contraction  =173.  (3) 

The  incombustible  residue  of  N  from   (2)  is  therefore, 
167*4  —  "HP  =  l&7'4  ~~  57'66  =  109*74,  of  which  0*7904 
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(218*2  —  80*1)  =  109*15  belongs  to  added  air,  hence  N  in 
25  'I  vols.  taken  =  10974  —  109*15  =  0*59  vols.;  therefore 

0-59  X  5975  X  89*51  X  100 
°/0afNmgas  =  —     =  2*15. 


Combustible  gas  =  25*1  —  0*59  =  24*51  ;  and  this  con- 
sists of  x  vols.  H  +  y  vols.  CH4  +  2  vols.  CO. 

From  the  equations  :  — 

2  H2  +  02  =  2  H20. 
CH4  +  2  O2  =  CO2  +  2  H2O. 
2  CO  +  02  =  2  C02. 

we  have,  contraction  39  =  f  x  +  2  j  -f-  J  #       («) 
CO2  formed  11-8=7  +  *.  W  ; 

and  total  volume  24*51  =  x  -\-  y  +  2.  (c)  ; 

hence  ^r  \from  (^)  and  (*)/  =  12*71. 
Solving  (a)  and  (^)  for  *,  we  have  :  — 
39  =  19*06  +  27  +  ^2- 
23  =  2y  +  2  * 

3  -^ 
hence  —  =  23*6  +  19*06  -  39  =  3*66. 

3*66  X  2 
and  2  —  ---  =  2*44. 

From  (ff)  y  +  2  =  1  1  *8 

so  y  =  11*8  —  z  =  11*8  -  2*44  =  9*36. 

12*71  X  5975  X  89*51  X  IPO 
Therefore  %  of  H=         ,;..  ^  63-08  X  Ui  "   ^'^ 

o,   of  CH    _  9-36X5975X89-5  IX  loo  _ 
'•  °f  CH4  -        2S-ix63-o8X92-9i 

2-44X5975x89-51  X  loo 
and  c/0  of  C02  =        2S.IX63.08X92.9I 
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D.  Portion  taken  containing  all  the  combustible  gases 
=  21*5  ;  after  addition  of  O  =  77*3  ;  after  addition  of  air 
=  200-4;  after  explosion  =  166*2;  hence  contraction  = 
34'2.  (i) 

After  absorption  of  CO2  produced,  vol.  =  152-9  ;  hence 
CO2  =  166-2  -  152-9  =  13-3.  (2) 

After  addition  of  H  to  residue,  vol.  =  351*3  ;  after  ex- 
plosion 184-8;  hence  second  contraction  =  166*5.  (3) 

The  contraction  on  explosion 

(1)  = — =  153-2  per  cent,  of  the  volume 

21-5  X  92-91 

of  the  original  gas. 
The  CO 2  produced 

I.V3  X  89-51  X  loo 

(2)  =  — =  59*60  per  cent,  of  the  same. 

21-5  X  92*91 

Contraction  due  to  CH4,  CO,  and  H,  from  C.  (i), 
39  X  5975  X  89-51  X  100 
*  -5sTx-63-o8  x  92-91  =  I41'8  Per 
original  vol. ;  hence  contraction  due  to  ethylene,  propylene, 
and  benzene,  =  153*2  —  141*8  =11*4  per  cent,  of  vol. 
of  original  gas. 

Similarly,  CO2  produced  from  CH4  and  CO,  from  C  (2) 
ir8  X  5975  X  89-51  X  loo 

25*1  X  63*08  X  92-91  =42*90  per  cent,  and  so 
vol.  of  CO2  produced  from  ethylene,  propylene,  and 
benzene,  =  59*60  —  42*90  =  16*70  per  cent,  of  vol.  of 
original  gas. 

The  percentage  of  ethylene,  propylene,  and  benzene- 
vapour,  present  in  the  original  gas  is  5*09.  (B). 

Let  x  '=  percentage  of  C2H4,  y  =  percentage  of  C3H6, 
and  z  =  percentage  of  C6H6";  then,  from  the  equations  :— 

C2H*4  +  3.  O2  =  2CO2  +  2H20. 

2C3H6  +  9.  02  =  6C02  +  6H20. 

2C6HC  +  15.  O2  =  I2CO2  +  6H2O. 
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we  have  contraction  1  1  '4  =  ix  +  f/  +  •§#•  (4) 

and  vol.  of  CO2  1670  =  ix  +  3j/  +  62-;  (S) 

also  vol.  of  gases  5*09  =  x  +  j  +  z.  (6) 

From  (4)  and  (6)  11-4  =  2;r  +  \y  +  |^\ 
1272  =  I.T-J-  fj  +  f*/ 

whence  1*32  =  J;r 

and  *  =  2-64  %  of  C2  H4. 

From  (5)  and  (6)  1670  =  5*28  +  3j/  +  6z 
5-09  =  2-64 


or  11*42  =  3^  +6,2'\ 
2'45  =  J  +  *     ) 

or  11*42  =  3/  +  6^\ 
1470  =  6y  +  6z  ) 

whence  37  =  3*28  and  y  =  1*09  %  °f  C3H6. 

Again,  j  +  z  =  2*45     .*.  ar  =  2*45  -  1*09  =  1*36  °/0  of 
C6H6. 

Tabulating  our  results,  the  percentage  composition   of 
coal  gas  is  :  — 

Carbon  dioxide  .............  3*07. 

Oxygen  ................  0*59. 

TEthylene  .....  2-64. 

Absorbed  by  SO3.  5*09  %•?  Propylene  ....  1*09. 

(^Benzene-vapour    .     .  1*36. 

Nitrogen    ...............  2*15. 

Hydrogen  ...............  46*21. 

Marsh-gas  ...............  34*03. 

Carbon  monoxide  ............  8*87. 


QUESTIONS. 

203.  Calculate  the  percentage  composition  of  a  sample 
of  atmospheric  air  from  the  following  numbers  :— 
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Volume. 

Pressure. 

Temperature 

°c.. 

Air  employed                          . 

863*7 

0*5576  m 

e.  *c 

After  addition  of  H     ... 
After  explosion  

1006  '7 
800-7 

o'69ii  m. 
0-4914  m. 

5*5 

5'6 

204.  A  gaseous  mixture  containing  oxygen,  nitrogen, 
and  carbonic  acid,  yielded  the  following  numbers  on 
analysis.  Calculate  the  proportion  of  the  constituent 
gases  in  100  volumes  of  the  mixture  (Bunsen)  : — 


Volume. 

Pressure. 

Temperature 
°C. 

Original  gas  

171  *2 

0-62  o  m 

TO'- 

After  absorption  of  carbonic  \ 
acid                                        ) 

167-3 

0*6196  m. 

i3'5 

After  absorption  of  oxygen  . 

147-0 

0*6058  m. 

13*9 

205.  Determine  the   amount   of  aqueous  vapour  in  a 
sample  of  air  which  yielded  the  following  numbers  on 
analysis  (Bunsen)  :  — 

Air  saturated  with  moisture. 

Lower  level  Hg.  stands  at.     ....  565*9 

Upper  level  in  eudiometer    .     .     .     .  317*3 

Vol.  corresponding  to  317*3  .     .     .     .  292*7 

Meniscus  correction 0*4 

Air  temperature 20*2°  C. 

Height  of  barometer 07469  m. 

Same  volume  of  air  dried  by  Ca  C12. 

Lower  level  Hg.  stands  at     ....  565*9 

Upper  level  in  eudiometer    .....  310*7 

Vol.  corresponding  to  310*7  .     .     .     .  286*0 

Meniscus  correction 0*4 

Air  temperature 20*2  °C. 

Height  of  barometer    .     .     .     .     .     .  0*7474  m. 

206.  Calculate  the  composition  by  volume   of  water 
from  the  following  eudiometric  synthesis  : — 
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A.  Hydrogen  saturated  with  moisture. 

B.  Hydrogen  +  Oxygen  saturated  with  moisture. 

C.  Residue  after  explosion  saturated  with  moisture. 


A. 

B. 

C. 

Observations  at   lower  level   of 

Hg  

77i'8 

768  '2 

771  "9 

Observations  at  upper  level   in 

eudiometer    

238-0 

435  'o 

332  '0 

Corresponding  volume  .... 

262-5 

468-3 

360-8 

Barometer 

Thermometer  

12*1° 

1  2  '6° 

I3'o° 

Corresponding  tension  of  aqueous 

vapour      

10  '5  mm. 

io"9  mm. 

11*2  mm. 

207.  Find  the  volume  of  each  constituent  contained  in 
one  volume  of  methyl  ether  from  the  data  below,  and 
deduce  its  empirical  formula : — 


Volume. 

Pressure. 

Temperature. 

A    Gas  taken        . 

0-6 

0*1419  m 

i*4°C 

After  addition  of  oxygen  . 

199-8 

0-3112  m. 

2*6°C. 

After  explosion    .... 
After  absorption  of  COo    . 
After  addition  of  H       . 

172-4 
132-8 
547'3 

0*2738  m. 
0*2409  m. 
0*6955  m. 

3*7°C. 
3'9°C. 
2*6°C. 

After  explosion    .... 

466*6 

0*6126  m. 

x'S'C. 

B.   Gas  taken  

79  "6 

0*3140  m. 

4*o°C. 

After  addition  of  oxygen  . 
After  explosion    .... 

327-2 
268-7 

0*5615  m. 
0*4915  m. 

5'o°C. 
4*9°C. 

After  heating  to  99  "5°  .     . 

418-1 

0*6752  m. 

99'5°C. 

After  cooling        .... 

268-2 

0*4914  m. 

3'7°C. 

After  absorption  of  CO^    . 

*93'3 

0*4188  m. 

o*7°C. 

208.  Find   the    formula    of    nitrous    oxide    from    the 
analytical  results  given  : — 


Volume. 

Pressure. 

Temperature. 

Gas  taken 

140*2 

0*2175  m. 

i4'4°C. 

After  addition  of  H  .     .     .     . 

248-4 
191  '4 

0*3219  m. 
0*2664  ^' 

*<&. 

14  o  (^. 

After  addition  of  O  .     .     .     . 
After  explosion     

228-8 
1  60*6 

0*2931  m. 
0*2253  m- 

i2*8°C. 
i3*7°C. 
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209.  A  gaseous  mixture  collected  from  Hekla  a  month 
after  an  eruption  yielded  the  following  figures  :  find  its 
percentage  composition  : 


Volume. 

Pressure. 

Temperature. 

Gas  taken    

114*9 

0*6944  m. 

2o*4°C. 

Afte   absorption  with  MnO2  . 
Afte   absorption  with  KOH  . 

112*9 
108*1 

0*6958  m. 
0*7092  m. 

2o*4°C. 

20'6°C. 

Gas  decanted  into  eudiometer 

136*7 

0*3460  m. 

2o-6°C. 

Afte    explosion  with  (H2+O) 
Afte    addition  of  H  .     .     .     . 

137-2 
190-4 

0*3452  m. 
0*3980  m. 

20-7°C. 

2o'5°C. 

Afte    explosion     
Afte   absorption  with  KOH  . 

152*7 
148-9 

0*3585  m. 
0*3665  m. 

20'3°C. 

i8-9°C. 

210.  Find  the  percentage  volume  of  H,SH2,  CO2,  N,  CO, 
and  CH4  present  in  a  fumarolle-gas  giving  on  analysis  : — 


Volume. 

Pressure. 

Temperature. 

Gas  taken 

0*6945  ni 

irVC 

Afte   absorption  of  H^S    .     . 
Afte    absorption  of  CC*2     . 
Gas  decanted  into  eudiometer 

73'7 
46*1 
96*8 

0*6728  m 
0*6502  m 
0*3093  m 

i3'6°C. 
i3*6°C. 
i3'i°C. 

Afte    addition  of  air  . 

243*0 

0*4534  m 

i3'6°C. 

Afte    explosion     

172*0 

0*3839  m 

X3-7°C. 

Afte    treatment  with  KOH    . 

168*6 

0*3902  m 

i3'i°C. 

211.  From  the  tabulated  data,  calculate  the  percentage 
amount  of  nitrogen  present  in  each  body  analysed,  and 
give  the  volumes,  reduced  to  standard  conditions,  of  the 
nitrogen  and  nitric  oxide  respectively  in  each  case. 

Measured  in  Frank  land  and  Ward's  apparatus. 


Substance  taken. 

Volume  in 
c.c. 

Temperature. 

Pressure 

N  +  NO 

Pressure  N. 

A.     0-1263  gm. 

13*79 

i8°C. 

451  mm. 

423  mm. 

B.     0-0832    ,, 

22-32 

20°C. 

411     , 

378    , 

C.     0*0827    ,, 

22-32 

24°C. 

416    , 

373    » 

D.    0-0856    „ 
E.     0-0878    „ 

22*32 
*3*5 

29°C. 
i9°C. 

396    , 

597     i 

375    , 

582    , 

F.    0*1259    » 

9*02 

20°C. 

408     , 

4°5    , 
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212.  Find    the   composition   of   marsh  gas  from  the 
figures  given  below,  obtained  by  Thomas's  modification 
of  Frankland  and  Ward's  apparatus. 

Temperature  constant  at  15*4°  C. 

Gas  taken  at  118*5  mm-  pressure. 

After  addition  of  oxygen,  pressure  =  357*8  mm. 

Pressure  after  explosion  =121*1 2  mm. 

Pressure  after  absorption  of  C02=2*32  mm. 

213.  Calculate  the  percentage  of  CO2  by  volume  con- 
tained in  a  sample  of  air  which  gave  the  accompanying 
data — 10  c.c.  of  baryta  solution  agitated  in  a  flask,  con- 
taining the  air,  of  618  c.c.  capacity,  required  6'o  c.c.  of 
normal   oxalic   acid  for  neutralization,  of  which    I  c.c. 
equals  I  c.c.  of  CO2  at  o°  C.  and  760  mm.  ;  bar.  726  mm., 
temp.   21°  C.      The    same    amount  of   baryta  solution 
directly  titrated  with  normal  oxalic  acid  required  8'8  c.c. 

214.  To  a  solution  of  baryta  sufficient  alcoholic  solu- 
tion of  phenolphthalein  is  added  to  produce  a  distinctly 
pink  coloration;  I  c.c.  of  the  solution =0*104  c.c.  carbon 
dioxide.      A  volume  of  25  c.c.  of  the  coloured  solution 
becomes  decolorized  on  the  aspiration  of  540  c.c.  of  air 
through  it,  owing  to  the  absorption   of  CO2 ;  find  per- 
centage of  CO2  present. 

215.  An  analysis  of  a  specimen  of  coal-gas  is  made  by 
(i)   successive   absorption   of    carbon   dioxide,   ethylene 
(propylene,    butylene),    benzene,     oxygen,     and    carbon 
monoxide  by  means  of  HempePs  pipettes  ;  (2)  combus- 
tion of   the    hydrogen    in  a  palladium-asbestos    tube ; 
(3)  combustion  of  the  methane  by  red-hot  copper  oxide 
with  estimation  of  the  carbon  dioxide  produced  by  titra- 
tion.     From  the  subjoined  figures  find  the  composition  by 
volume  of  the  sample  analysed  : 

Volume  of  gas  employed 99*1  c.c. 

(i)  Volume  after  absorption  by  KOH      .     .     .  97*7  c.c. 

Volume  after  treatment  with  Br  water   .     .  93*9  c.c. 

Volume  after  treatment  with  fuming  NO3H  92*9  c.c. 

Volume  after  alkaline  pyrogalldl  absorption  92*6  c.c. 
Volume     after    treatment    with     cuprous 

chloride '  .     .     .     .     .     .  86*5  c.c. 
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(2)  Non-absorbable  gas  used  for  H  estimation     40*6  c.c. 

Non-absorbable  gas  +  air 99*0  c.c. 

Volume  after  combustion 657  c.c. 

(3)  Residue  of  657    c.c.  is  burned   by  air  and   copper 
oxide,    and    CO2  titrated    by  baryta-water    and   oxalic 
acid. 

Gas  measures  657  c.c.  at  736  mm.  and  20°  C. 
Baryta- water,    I  c.c.  =  1*04  c.c.  oxalic  acid  =  1*04  c.c. 
methane. 

Baryta-water  employed 50  c.c. 

Oxalic  acid  required  for  re-titration  .     .     37*4  c.c. 

216.  100  volumes  of  Manchester  cannel  gas  contained 
4*98  volumes  of  defines,  which  yielded  on  combustion 
13*93  volumes  of  carbon  dioxide.  Required  the  volumes 
of  ethylene  (C2  Hi)  and  butylene  (C4  H8)  contained  in  the 
gas,  and  the  value  of  the  illuminating  power  of  the  gas 
expressed  in  percentages  of  ethylene. 


CALCULATION    OF   THE   RESULTS   OF 
ATOMIC  WEIGHT  DETERMINATIONS. 

The  data  required  for  these  calculations ,  when  not  other- 
wise given,  may  be  obtained  from  Table  I.  in  the 
Appendix. 

217.  DUMAS    found,   on   heating    copper  oxide   in    a 
stream  of  dry  hydrogen,  that  a  certain  weight  of  this 
substance    lost    59789    grams   of    oxygen,  and  yielded 
67*282  grams  of  water.      Calculate  from  these  numbers 
the  atomic  weight  of  hydrogen. 

218.  Marignac  obtained  314*894  grams  of  silver  nitrate 
from  200  grams  of  silver.     14*110  grams  of  silver  nitrate 
required  6*191  grams  of  potassium  chloride  for  complete 
precipitation,  and    10*339   grams  of  silver   dissolved    in 
nitric  acid  required  5*1 20  grams  of  ammonium  chloride 
for  precipitation.     Calculate  the  atomic  weight  of  nitro- 
gen from  these  data. 

F  2 
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219.  Stas  found  that  91*462  grams  of  metallic  silver, 
when  heated  in  a  stream  of  chlorine,  yielded  121*4993 
grams   of  pure  silver  chloride.     Calculate  from  this  the 
atomic  weight  of  chlorine. 

220.  Stas  found,  after  adding  7*25682  grams  of  potas- 
sium chloride  to   10*51995  grams  of  silver  dissolved  in 
nitric  acid,  that  0*0194  grams  of  silver  remained  in  solu- 
tion.    Calculate  from  these  data  the   atomic   weight  of 
potassium. 

221.  Erdmann  and  Marchand  obtained  109*6308  grams 
of  mercury  from  1 1 8*3938  grams  of  the  red  oxide.     Calcu- 
late the  atomic  weight  of  mercury. 

222.  Calculate  the  atomic  weight  of  carbon  from  each 
of  the  following  analyses  by  Redtenbacher  and  Liebig  of 

Salt.  Silver. 

1.  Silveracetate   C2H3AgO2    28*803  grams  gave  18*612 

2.  Silvertartrate  C4H4Ag2O6  16*220      „         „         9*6175 

3.  Silvermalate   C4H4Ag2O5  25*898      „        „       16*059 

223.  Mallet  found  that  8*2144  grams  of  ammonia-alum 
dried  by  exposure  to  air  at  21° — 25°  C.  yielded  0*9258 
gram  of  A12O3.  Taking  the  following  atomic. weights  :  O  = 
15*961;    S    =    31*966;    N    =    14*010;  find  the   atomic 
weight  of  aluminium. 

224.  Mallet  found  that  6*9617  grams  Al  Br3  required 
8*4429  grams  of  Ag  for  precipitation   of  the  bromine  ; 
if  Ag  =  107*649   and   Br  =  79754  what  is  the   atomic 
weight  of  Al  as  deduced  from  this  result  ? 

225.  0*3697  gram  of  aluminium  liberated  0*04106  gram 
of  hydrogen  on  being  dissolved  in  a  strong  solution  of 
sodium  hydrate  ;  find  atomic  weight  of  aluminium. 

226.  A  determination  of  the  atomic  weight  of  titanium 
was  made  by  finding  the  weight  of  pure  silver  required  to 
precipitate  the  chlorine  from  an  aqueous  solution  in  which 
a  bulb   containing  a  known  weight  of   TiCl4  had   been 
broken.     A  quantity  of  the  pure  silver  nearly  sufficient 
was  in  each  experiment  first  converted  into  nitrate  and 
then  mixed  with  the  titanium  solution,  the  precipitation 
was  finished  by  addition  from  a  burette  of  a  centinormal 
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solution  of  AgNOg.  Find  the  atomic  weight  of  Ti  from 
the  annexed  data  in  each  case.  (Take  Ag  =  67456,  Cl  = 
2-21586,  H  -  0-06265,  O  =  I.) 


Corrected  weight  of 
TiCl4  used. 

Weight  of  silver 
weighed  out. 

Weight  of  silver 
added  from  burette. 

2  '43275  grams. 

5-49288  grams. 

0-03509  gram. 

5'42332     ,, 

12-30669     „ 

o"oi59i     ,, 

3'596oi     „ 

8-15960     „ 

o'oisoi      ,, 

3'3*222        „ 

7-44102     ,, 

0*08619     ,, 

4-20093    „ 

9'52445     „ 

0-02234     ,, 

227.  A  series  of  experiments  made  for  the  purpose  of 
determining  the  atomic  weight  of  gold  consisted  in  finding 
the  ratio  existing  between  the  quantities  of  KBr  and 
metallic  Au  remaining  on  the  decomposition  of  potassium 
bromo-aurate  by  heat. 

Taking  the  equivalent  of  H,  0*06265,  K,  2*44523,  and 
Br  4*99634,  when  O  =  i,  calculate  the  atomic  weight 
of  gold  from  the  following  data  : 


Weight  of  Au. 
6*19001 
4*76957 
4*14050 
3*60344 
3-67963 

4*57757 
5-36659 
5*16406 

228.  The  atomic  weight  of  silicon  has  been  determined 
by  estimating  the  amount  of  SiO2  obtained  on  treatment 
of  known  weights  of  SiBr4  with  water. 

From  the  following  table  of  results,  find  the  ratio  Si  :  H, 
taking  H  =  0*06265,  and  Br  =  4*99721,  (O  =  i). 


Weight  of  KBr. 
373440. 
2*87715. 
2*49822. 
2*17440. 
2*21978. 
276195. 
3*23821. 


Weight  of  Si  Br4  in  vacuo. 

9*63007  grams. 
12*36099      „ 
12*98336      „ 

9*02269      „ 
15-38426      „ 


Weight  of  Si  O2  in  vacuo. 
1*67070  grams. 
2*14318       „ 
2*25244       „ 
1*56542       „ 
2-66518       „ 


7° 
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229.  Taking  the  atomic  weights  of  O  =  15*96,  N  =  14*02, 
H  =  I,  find  the  mean  atomic  weight  of  chromium  from  the 
given  experimental  results. 


Corrected  weight  of 
(NH4)2Cr207. 
1-01275 
ro8i8i 
1-29430 
1-13966 
0-98778 
1-14319 


Corrected  weight  of  Cr2O3 
obtained  therefrom. 
0*61134 
0*65266 
0*78090 
0*68799 

o'59595 
0*68987 


230.  From  the  following  readings  given  by  Ramsay, 
showing  the  volume  of  hydrogen  obtained  by  means  of 
pure  zinc,  calculate  the  equivalent  of  zinc  (H  =  i). 


Weight,  in  a  vacuum, 

Reduced  volume 

Reduced 

Thermometer 

of  the  zinc  used. 

of  hydrogen. 

pressure. 

reading,  C. 

/ 

2i6'86  cc. 

729*18  mm. 

o'54 

219-64 

727-78 

o'54 

! 

22273 

725*78 

o'54 

3-299584      c 

225*62 

724-08 

o'54 

233*05 

719-72 

o'53 

23°  '54 

721*10 

0*48 

228*02 

722-65 

0-48 

CALCULATIONS    INVOLVED   IN    INDIRECT 
ANALYSIS. 


There  are  three  main  types  of  Indirect  Analysis, 
namely  : — 

(i)  The  method  of  substitution;  an  equivalent  amount 
of  some  other  radicle  (or  substance)  is  substituted  for  the 
radicle  we  wish  to  determine  and  is  then  estimated 
directly;  for  instance  we  may  determine  free  Cl  by  adding 
to  its  solution  KI  when  KC1  is  formed  and  free  I, 
equivalent  in  amount  to  the  Cl  present,  remains  and  can 
be  estimated  directly. 
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(2)  The  residue  method;  the  body  in  which  the  radicle 
occurs  undergoes  a  definite  chemical  change  when  acted 
upon  by  a  known  amount  in  excess  of  some  reagent,  and 
the  excess  of  reagent  is  determined. 

(3)  The  method  depending  on  the  numerical  differences 
between  molecular  weights  j  with  a  mixture  of  two  salts, 
differing  considerably  in  molecular  weight,  but  possessing 
a  common  constituent,  it  is  possible  from  the  estimation 
of  the  common  radicle  to  calculate  the  quantities  of  each 
of  the  other  radicles  present  in  the  mixture. 


EXAMPLES. 


(i)  To  50  c.c.  of  a  solution  of  Cl,  an  excess  of  potassium 
iodide  solution  was  added  ;  the  liberated  I  was  then 
estimated  by  means  of  a  standard  solution  of  Na2S2O3 
using  starch  solution  to  indicate  the  end  of  the  reaction. 
I  c.c.  Na2S2O3  solution  =  0*0127  gram  I,  and  22*5  c.c.  of 
this  solution  were  used  ;  what  was  the  strength  of  the  Cl 
solution  in  grams  per  c.c.  ? 

Iodine  set  free  =  0*0127  X  22*5  gram. 

....                           0-0127  X  22*5  X  35'37  ,,- 

which  is  equivalent  to  —    -7- -   gram  of  Cl. 

which  was  the  weight  of  Cl  contained  in  50  c.c. 
Hence,  weight  of  Cl  per  c.c. 

0-0127  X  22-5  X  35*37 

= —, *"*•  =  0-001597  gram. 

50  X  126*54 

(2).  0*2815  gram  of  calcite  was  dissolved  in  30  c.c.  of 
normal  HNO3,  and  the  excess  of  acid  determined  by 
normal  NaOH  of  which  24*43  c-c-  were  required  ;  what 
percentage  of  CO2  did  the  sample  contain  ? 

The  HNO3  neutralized  by  the  CaCO3  present  in  the 
calcite  was  30*00  -  24*43  =  5 '57  c-c- 

126  grams  HNO3  are  equivalent  to  44  grams  CO2. 


72  CALCULATIONS    INVOLVED 

Hence,  amount  of  CO2  present  was  :  — 

0-063  X  5-57  X  44 

--       -  gram. 


(3).  Two  grams  of  a  mixture  of  barium  carbonate  and 
calcium  carbonate  evolve  0*67  gram  of  carbon  dioxide  ; 
find  the  percentages  of  Ca  and  Ba  present  in  the  mixture. 

Taking  the  following  atomic  weights,  —  Ca,  40*0  ;  Ba, 
137*2  ;  C.  I2'o  ;  O.  16  ;  we  have 

BaCO3  contains   -^-  of  its  weight  of  CO2,  and  CaCO3 

44 
100 

Let  .r  be  the  weight  of  BaCO8  in  the  mixture  taken, 
then  (2  —  x)  is  the  weight  of  CaCO3  present. 

C02  present  is  -^  *•  +  —  (2  -  *)  =  0-67. 
197-2       '    100  v 

44(197-2  -  100) 

hence,  —  —  -  '•  x  =  0*21. 
loo  X  197*2 

.-.  x  =  0-968  gm.  BaCO3. 
and  2  —  x  =  2  —  0*968  —  1-032  gm.  Ca  CO3. 

Whence  %  of  Ba  in  mixture  =  -  —  -  -  —  =  33*67. 

1*032  X  40  X  ioo 

and  °  L  of  Ca  =  —  -  -  -  -   =  20*64. 
ioo  X  2 


QUESTIONS. 

231.  0-2151  gram  of  uric  acid  was  heated  with  soda- 
lime  and  the  evolved  NH3  absorbed  in  HC1.  The 
NH4C1  was  evaporated  to  dryness  and  redissolved,  the 
Cl  being  then  thrown  down  as  AgCl,  of  which  07390  gram 
was  obtained ;  what  percentage  of  nitrogen  did  the 
sample  of  uric  acid  contain  ? 
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232.  25  c.c.  of  a  solution,  containing  0*2105  gram  of  a 
copper   alloy  in  the  form  of  sulphates,  was  neutralized 
with  Na2CO3  and  then  rendered  acid  by  acetic  acid ;  to 
the   acidulated   solution   an   excess   of  freshly  prepared 
potassium   iodide  solution  was  added  and  the  liberated 
iodine  titrated  by  a  standard  Na2S2O3  solution  ;  31*29  c.c. 
were    required    for    the    reaction.      25*22    c.c.     of    the 
thiosulphate  solution  were  found  to  be  equivalent  to  25  c.c. 
of  iodine  solution  of  which  I   c.c.  =  0*006313  gram    of 
copper.     Calculate   the    percentage    amount   of   copper 
present  in  the  alloy. 

233.  0*5005  gram  of  a  sample  of  calcite,  was  weighed 
out,   dissolved  in  dilute  HC1   and   precipitated   as   cal- 
cium oxalate ;   the  washed  precipitate  was   treated  with 
dilute    sulphuric    acid   and    the    solution    titrated   with 
potassium  permanganate  solution  of  which  I  c.c.  =  0*0056 
gram   of    iron ;    100*08   c.c.    of  the   permanganate   were 
decolorized.     What  was  the  percentage  of  calcium  in  the 
mineral  ? 

234.  In   an   estimation  of  nitrogen  by  the  soda-lime 
method,  0*2102  gram  of  benzamide  was  taken  and  the 

N 
evolved  ammonia  absorbed  in  —    sulphuric  acid  solution, 

25  c.c.  being  taken  ;  the  residual  acid  required  21*517  c.c. 

N 
of  -  NaOH  for  neutralization.    What  was  the  percentage 

amount  of  nitrogen  in  the  benzamide  ? 

^235.  The  subjoined  data  were  obtained  in  an  estimation 
of  NH3  in  (NH4)2  SO4  by  the  method  of  distillation  with 
soda-lime  in  the  wet  way. 

Weight  of  ammonium  sulphate  taken  =  0*3200  gram. 
Amount  of  H2SO4  solution  taken  =  60  c.c. 

i  c.c.  of  acid  solution  =  0*855  c-c- '   NaOH  sol. 

N 
41*7  c.c.  of  —  soda   just  neutralized  the   residual    acid. 

Calculate   from   these   data  the   percentage   amount    of 
ammonia  in  ammonium  sulphate. 
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236.  One  hundred  cubic  centimetres  of  a  semi-normal 
solution  of  sodium  carbonate  were  added  to  100  c.c.   of  a 
neutral  solution  containing  copper  sulphate.     After  filtra- 

N 
tion,  the  residual  Na2CO3  was  determined  by  means  of  ~ 

sulphuric  acid,  of  which  27  c.c.  were  required.  What 
weight  of  Cu  SO4  in  grams  was  present  in  each  litre  of 
the  solution  ? 

237.  The  following  results,  obtained  in  an  analysis  of 
Rochelle  salt,  give  sufficient  data  for  the  estimation  of  K 
and  Na  in  the  sample  used  ;  find  the  percentage  of  each 
of  these  elements  present. 

Weight  of  salt  taken 0*7012  gram. 

Weight  of  mixed  alkaline  chlorides   .     .     .     0*3305      „ 
Weight  of  Ag  Cl  obtained 0*7129      ,, 

238.  From  0*9330  gram  of  a  mixture  of  sodium  chloride 
and  iodide,  0*9066  gram  of  sodium  sulphate  is  obtained. 
What  weights  of  the  sodium  chloride  and  sodium  iodide 
are  there  in  the  weight  of  mixture  taken  ? 

(Take  Na  =  23,  S  =  32,  O  =  16,  Cl  -  35*5  I,  =  127.) 
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239.  CALCULATE  the  formula  of  a  salt  containing  sodium 
and   chlorine  which  yielded  the   following  numbers   on 
analysis  : — 

(a)  0*1998  gram  of  the  salt  gave 

0*4865  gram  of  silver  chloride,  and 
0*0032         „       metallic  silver. 

(b)  0*9543  gram  of  the  salt  gave 

1*1584  grams  of  sodium  sulphate. 

240.  0*3951  gram  of  a  substance  supposed  to  be  arsenic 
pentoxide  was  dissolved  in  dilute  ammonia,  and  precipi- 
tated as  magnesium-ammonium-arseniate.     After  drying 
at  110°  the  precipitate  weighed  0*6544  gram.     Was  the 
substance  As2  O5  ? 
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241.  The  mineral  nontronite  gave  on  analysis  the  fol- 
lowing numbers.  Calculate  its  formula. 

1*4155  grams  of  the  mineral  gave  0*5711  grams  of  silica, 

and  0*5157    „  ferric  oxide. 

„  0*0380    „  lime. 

ri2O5  „          lost  on  drying  0*2311     „  water. 

24.2.  loo  grams  of  a  mixture  of  potassium  and  sodium 
chlorides  have  furnished  164*1  grams  of  potassium-plati- 
num chloride.  What  is  the  composition  of  the  mixture  ? 

243.  Calculate  the  formula  of  thallium  perchlorate  from 
the  following  determination  : — 0*1831  gram  of  salt  gave 
0*2476  gram  of  the  double  chloride  of  platinum  and  thal- 
lium. 

244.  Calculate  the  percentage  amount  of  chlorine  con- 
tained in  vanadyl  trichloride  of  which  3*9490  grams  added 
to  7*383  grams  of  silver  dissolved  in  nitric  acid  required 
3  cubic  centimetres  of  centesimal  HC1  solution  for  com- 
plete precipitation  according  to  Gay-Lussac's  method. 

!  245.  Two  equal  volumes  of  a  liquid  found  to  contain 
an  oxygen  compound  of  bromine  were  completely  reduced 
with  sulphurous  acid,  the  excess  of  which  was  removed 
by  boiling  :  in  one  portion  the  sulphuric  acid  formed  was 
estimated  as  barium  salt,  and  in  the  other  the  bromine  was 
weighed  as  silver  bromide.  Analysis  gave  :  weight  of 
Ba  SO4  =  0*402  gram  ;  weight  of  silver  bromide,  0*3240 
gram.  Required  the  composition  of  the  oxide  of  bromine. 

246.  1*2185  grams  of  perchloric  acid  yielded  1*6785 
grams  of  dry  potassium  salt  :  of  this  salt  0*9660  gram 
lost  0*444  gram  on  heating,  and  the  residue  required  0*744 
gram  of  pure  silver  for  complete  precipitation.  Required 
the  percentage  amount  of  acid  contained  in  the  quantity 
taken.  (Roscoe.) 

!  247.  Required  the  percentage  of  real  acid  contained  in 
J*483  grams  of  aqueous  acetic  acid,  which  evolved  0*427 
gram  of  carbonic  acid  on  adding  it  to  bicarbonate  of 
sodium. 

248.  2*122  grams  of  aqueous  formic  acid  required  for 
neutralization  36*3  cubic  centimetres  of  soda  solution,  of 
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which  each  cubic  centimetre  contained  (0*9025  X  31) 
milligrams  of  soda.  Required  the  percentage  of  pure 
acid  contained  in  the  liquid. 

249.  Calculate  the  volume  of  carbonic  acid   in  10,000 
volumes  of  sea-air,  from  the  following  numbers,  obtained 
by  Pettenkofer's  method  : — 

i  cubic  centimetre  of  oxalic  acid  solution  =  I  mgrm.  COg. 

50  cubic  centimetres  of  baryta  water  =  55*18  cubic  centi- 
metres of  oxalic  acid  solution. 

Capacity  of  flask  used,  4815  cubic  centimetres.  Temp, 
of  air  13°-  9.  Bar.  753*1  mm. 

50  cubic  centimetres  of  baryta  solution  taken  :  of  this  25 
cubic  centimetres  after  the  experiment  required  26*29 
cubic  centimetres  of  oxalic  acid  solution  for  neutralization. 

250.  The  following  numbers  express  the  amount  of  the 
constituents  in   1,000  grams  of  the  water  of  the    Irish 
Channel  : — 

1.  Chlorine 1 8 '62650 

2.  Bromine "06133 

3.  Sulphuric  acid  (SO4)    .     .  2*59280 

4.  Lime  (total) 0*57512 

5.  Calcium  carbonate  .     .     .  0*04754 

6.  Magnesia 2*03233 

7.  Potassium 0*39131 

8.  Sodium 10*40200 

9.  Ferric  oxide "00465 

10.  Ammonia   .     .     .     .     .     .         *ooon 

11.  Nitric  acid '00156 

Total  fixed  constituents     33*83855 


Calculate  the  composition  of  the  saline  matter  of  the 
water  on  the  following  assumption  :  That  the  sodium, 
potassium,  and  ammonium  are  combined  with  chlorine,  the 
excess  of  chlorine  being  united  to  magnesium.  The  bro- 
mine and  nitric  acid  are  also  to  be  united  to  the  magnesium. 
The  sulphuric  acid  exists  in  combination  with  lime,  the 
excess  being  united  to  magnesia.  The  ferric  oxide  exists 
as  ferrous  carbonate. 

!  251.  Calculate  the  illuminating  power  of  a  gas  flame 
burning  5  cubic  feet  per  hour,  expressed  in  candles  burn- 
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ing  1 20  grains  (779  grams)  of  sperm  per  hour,  from  the 
following  data  : — 

Rate  at  which  gas  issues  =  4*8  cubic  feet  per  hour. 

Consumption  of  standard   candle  in  10  minutes  =  1*38 
grams. 

Readings  on  the  photometer  scale  for  each  minute   of 
observation  : — 

(i),  27.     (2),  22-5.     (3),  17.     (4),  21.     (5),  18.     (6),  19. 
(7),  19.     (8),  20.     (9),  19.     (10),  21. 

252.  0*5637  grams  of  the  barium  salt  of  an  organic  acid, 
obtained  by  the  action  of  carbonic  acid  on  C6  H4  BrC2  H5 
in  presence  of  sodium,  lost,  on  drying  at  120°  C.,  0*0430 
gram  of  water,  and  gave  0*2733  gram  barium  sulphate. 
Required  the  formula  of  the  salt. 

!  253.  4*826  grams  of  a  nitrogenous  organic  body  yielded, 
after  heating  with  soda-lime,  1*532  grams  of  the  double 
chloride  of  platinum  and  ammonium.  Required  the  per- 
centage of  nitrogen  contained  in  the  organic  substance. 

!  254.  Required  the  percentage  composition,  observed 
and  calculated  vapour  density,  and  formula  of  a  body 
which  gave  the  following  analytical  results  : — 

(a)  0*4245  gram  yielded 

0*5670  gram  of  carbonic  acid,  and 
0*3025         „      water. 

(ff)  0*1 8 10  gram  yielded. 

0*3855  gram  of  silver  chloride,  and 
0*0165         „       metallic  silver. 

(c)  Determination   of   vapour   density   according  to 
Gay-Lussac's  method  :  — 

Weight  of  substance  employed,  0*0893  gram. 

Temperature  of  the  air,  8°  C.     Height  of  barometer, 
739  mm. 

Temperature  of  vapour,  50°  C.     Volume,  46*2  cubic 
centimetres. 
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Difference  of  level,  140*5  mm.     Coefficient  of  expan- 
sion of  mercury  =  0*0001815. 

Coefficient  of  cubical  expansion  of  glass,  o*oooo262. 

255.  1*5055  grams  of  a  mixture  of  sodium  and  potas- 
sium chlorides  gave  3*4222  grams  of  silver  chloride.    Cal- 
culate the  relative  amounts  of  the  two  chlorides. 

256.  1*2060  grams  of  a  mixture  of  sodium  bromide  and 
sodium  chloride  gave,  on  complete  precipitation  by  silver 
nitrate,  2*6554  grams  of  mixed  silver  chloride  and  bromide, 
which,  on   reduction,  yielded    1*8418   grams   of  metallic 
silver.     Calculate  the  proportion  of  chloride  and  bromide. 
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GASES  fall  into  two  groups  when  considered  in  relation 
to  their  solubility  in  liquids  : — 

(i).  Those  gases  completely  expelled  from  the  solvent 
by  raising  its  temperature  or  reducing  the  pressure  to 
which  it  is  subjected. 

(2)  Other  gases. 

I.  In  group  (i),  the  amount  of  gas  absorbed  depends 
upon  : — 

I.  The  nature  of  the  gas  and  of  the  absorbing  liquid. 

II.  The  actual  pressure  of  the  gas  considered. 
Henry's  Law  : — The  quantity  of  any  gas  absorbed  by  a 

given  quantity  of  a  liquid  is  proportional  to  the  pressure. 

III.  The   temperature.     Volume   absorbed   decreases 
with  the  increase  of  temperature  ;  it  may  be  expressed  by 
means  of  an  empirical  formula  of  the  form  V=a-&t-\-ct*, 
where   a,  £,  c  are   constants  for  each   gas   and  /  is  the 
temperature. 

The  absorption-coefficient  of  a  gas  is  a  number  which 
expresses  the  ratio  of  the  volume  of  the  gas,  measured  at 
o°  C.  and  the  pressure  of  absorption,  absorbed  by  the 
liquid  at  the  temperature  of  observation  to  the  volume  of 
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the  absorbing  liquid.  In  a  mixture  of  gases,  each  com- 
ponent behaves  as  if  it  alone  were  present  under  the 
partial  pressure  which  is  exerted  by  itself. 


EXAMPLE. 

It  is  required  to  calculate  the  absorption  coefficient  of 
nitrogen  dissolved  in  water  at  19°  C.  from  the  appended 
data  (Bunsen). 

I.  Observations  before  Absorption. 

Lower  level  of  mercury  in  outer  cylinder  a  =  423*6  mm. 
Upper  level  of  mercury  in  absorption 

tube b  =  124*1    „ 

Height  of  barometer p  —  746*9    ,, 

Temperature  of  absorptiometer     .     .     .  /=     19*2°  C. 

Temperature  of  barometer    .     .     .     .     .  T=     19*0°  C. 

II.  Observations  after  Absorption. 

Lower  level  of  mercury  in  outer  cylinder  a±  =  352*2  mm. 
Upper  level  of  mercury  in  absorption 

tube bl  =  3507    „ 

Water  level  in  absorption  tube .     .     .     .    c±  —  65*5    „ 
Water  level  in  outer  cylinder     .     .     .     .   d^  —      8'o    „ 

Height  of  barometer P\  —  74&3    » 

Temperature  of  absorptiometer      .     .     .    /x  =  19*0°  C. 

Temperature  of  barometer 7^  =  18*9°  C. 

III.   Tabular  Data. 
Volumes,  according  to  the  calibration  table,  of:  — 

Gas  taken,     mark  b  —  124*1  mm.    ...       V  =•     34*90. 

Tube  above  bl  =  350*7  mm 200*04. 

Tube  above  c^  =  65*5  mm.,  remaining  gas.  V±  =  17*67. 
Hence  water  used  for  absorption.  .  .  .  (h)  =  182*37. 
Coefficient  of  expansion  of  mercury  for  i°  C. .  =0*00018. 

i  (VP 
The  absorption  coefficient  a  =  7  ( —5-  - 

tl  \  Jr  j 
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P  and  Pl  being  the  pressures  of  the  dry  gas  before  and 
after  absorption  respectively,  V  and  V^  being  the  corre- 
sponding volumes  of  gas  reduced  to  o°  C. 

P  =  p  reduced  to  o°  C.  —  (a  -  b)  reduced  to  o°  C.  - 
vapour  pressure  of  water  at  19*2°  C. 

=  (744*4  —  298*5  -  1 6*6)  mm.  =  429*3  mm. 
P1  =  pi  reduced  to  o°  C.  -  (a±  --  b^  reduced  to  o°  C. 

+  {(<%  —  b^)  -f-  (q   —  dj)}  reduced  to  equivalent  mercury 
column  at  o°  C.  —  vapour  pressure  of  water  at  19°  C. 

-  (743*8  -  1*5  +  4*4  —  16*3)  mm.  =  730*4  mm. 

V  =  it .  , —  — N  =  34'Qo  .  — ; —^ — 

(i  +  0*00367  .  19*2)  i  +  0*00367  .  19*2 

=  32*608. 


^  =  pi- (I +0-00367. 19) ' 

=  16*52. 

T  /  -2-2'f 

Hence  a  = 

102-37  \ 

QUESTIONS. 

257.  The  absorption  coefficient  of  nitrogen  dissolved  in 
water    is  0*0152  at    12*6°   C.;   what  volume  of  the  gas 
measured  at  o°  C.  and  760  mm.  pressure  is  absorbed  by 
one  litre  of  water  at  12*6°  C.  at  each  of  the  pressures  :— 

looo  mm.,  748*2  mm.,  391  mm.,  and  14*3  mm.  ? 

258.  What  is  the  volume  of  nitrogen  absorbed  in  each 
case  in  question  257,  measured  at  the  temperature  and 
pressure  of  the  experiment  ?    What  is  the  weight  of  the 
gas  absorbed  in  each  case  ? 

259.  The  absorption  coefficient  of  hydrogen  dissolved 
in   water   is   represented    by  the   interpolation  formula 
a   =  0*0215286  —  0*0001 92 1 6t   +  0*000001 7228t2  :    what 
quantities    of    the    gas    measured    (a)    under    the    ex- 
perimental   conditions,    (b)  under    standard    conditions, 
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will  be  given  off  on  boiling  325  c.c.  of  the  solution  made 
by  agitating  water  in  hydrogen  (A)  at  10°  C.  and  750 
mm.,  (B)  at  14°  C.  and  767  mm.,  (C)  at  18°  C.  and  732 
mm.  ? 

260.  The  coefficient  of  absorption  of  carbon  dioxide  in 
water  is  found  to  be  a  =  17967  -  0-07761  /  +  0*00  16424^; 
find  the  coefficients  for  /  =  4-4°  C.,  8*4°  C.,   13-8°  C, 
1 6-6°  C,  19-1°  C.,  and  22-4°  C. 

261.  The    coefficient    of  absorption   of  hydrogen   in 
alcohol  is  given  by  the  interpolation  formula  0=0*06925  — 
0*0001487^  +  o'oooooi/2 ;    find   the   values   of  the   co- 
efficient at  i°,  5°,  ii'4°,  14*4°,  and  19*9°  C.,  and  compare 
each  value  with  the  corresponding  value  of  the  coefficient 
for  water  as  given  in  question  259. 

262.  Find  an  interpolation  formula   expressing    the 
variation  of  the  coefficient  of  absorption  of  carbonic  oxide 
in  water  with  alteration  of  temperature,  the  coefficients 
found  by  experiment  being  : — at  5*8°,  0*028636  ;  at  8*6°, 
0*027125;  at  17*4°,  0*023854;    at  18*4°,  0*023147  ;  at  9°, 
0*026855  >  and  at  22°,  0*022907. 

263.  At  23°  C.  the  absorption-coefficient  of  oxygen  in 
water  is  0*03402,  that  of  nitrogen  is  given  by  the  expres- 
sion a  =  0*020346  -  o*ooo53887/  +  0*00001 1156^  ;  what 
will  be  the  percentage  composition  by  volume  of  the  gas 
mixture  obtained  by  boiling  water  previously  saturated 
with  air  at  23°  C.  ?     (Air  : — N,  79*1  ;  O,  20*9.) 

264.  A  litre  of  water  saturated  with  carbon  dioxide  at 
4*4°  C.  and  748  mm.  is  shaken  up  with  a  litre  of  nitrogen 
at  23°  C.  and  760  mm. ;  the  temperature  of  the  whole 
being  now  23°  C.,  what  is  the  composition  of  the  gas 
remaining  over  the  solution,  a  for  nitrogen  being  taken  as 
in  question   263,  and  for  CO2  being  equal  to  1*7967  — 
0*07761^  +  0*0016424/2  ? 

265.  A  mixture  of  hydrogen   and  carbon  dioxide  is 
agitated  with  356*4  c.c.  of  water  at  5*5°  C.,  volume  of  gas 
before   absorption  reduced  to  o°  C.    =    171*29  c.c.  and 
pressure  =  0*5368  m. ;  vol.  of  gas  after  absorption  at  o°  C 
=  119*61  c.c.,  and  its  pressure  =  0*6809  m. ;  a  for  H  = 
0*0193,  for  CO2  =  i'4i99  ;  what  is  the  percentage  com- 
position of  the  original  mixture  ? 
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SOLUBILITY  OF  SOLIDS  IN  LIQUIDS. 
MOLECULAR  WEIGHT  AND  THE 
LOWERING  OF  THE  FREEZING-POINT 
OF  SOLUTIONS. 

THE  solubility  of  solids  in  liquids  does  not  admit  of 
being  represented  by  any  simple  law ;  the  alteration  of 
the  solubility  with  temperature  may  generally  be  expressed 
by  an  equation  of  the  form  x  —  a  +  bt  +  eft  +  dfi,  where 
a,  b,  c,  d  are  constants  for  each  set  of  substances  con- 
sidered, and  /  is  the  temperature. 

As  these  constants  have  only  been  determined  in  a  few 
cases,  the  consideration  of  problems  arising  in  connection 
therewith  does  not  fall  within  the  scope  of  this  book. 

It  has  been  found  that  substances  dissolved  in  any 
solvents  which  solidify  at  attainable  temperatures  cause  a 
lowering  of  the  freezing-point  according  to  the  following 
law: — 

If  the  molecular  weight  (in  terms  of  any  unit)  of  any 
substance  be  dissolved  in  100  times  the  molecular  weight 
(in  terms  of  the  same  unit)  of  any  liquid,  the  freezing- 
point  of  the  latter  is  lowered  by  an  amount  always  very 
near  to  0-63°  C. 

Let  A  be  the  coefficient  of  lowering  of  the  temperature 
of  solidification  (lowering  produced  by  one  gram  dissolved 
in  100  grams  of  solvent),  M  be  the  molecular  weight  of 
the  dissolved  compound,  T  be  the  molecular  lowering  of 
the  freezing-point  (that  produced  by  the  molecular  weight 
in  grams  of  the  substance  dissolved  in  100  grams  of  the 

solvent)  ;  then  MA  =  T,  and  M  =  -. 

^TL 

If  P  be  the  weight  of  the  solvent,  P1  the  weight  of  the 
dissolved  body,  K  the  lowering  of  the  freezing-point 
given  by  experiment,  we  have 


P'Xioo 

And  hence  M=  — — 

PJ\. 
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If  M'  be  the  molecular  weight  of  the  solvent  employed, 
then  T=  M'  X  0*63  very  nearly,  with  the  exception  of 
the  solvent  water. 

T  has  been  determined  by  numerous  experiments  for 
the  commoner  solvents ;  its  mean  value  for  : 

Acetic  acid  =  (18*0  in  a  few  cases),  38*6. 
Formic  acid  =  277. 
Benzene  =  50*0. 
Nitrobenzene  =  707. 

(  1 8*5  (for  organic    substances,  some  salts  of 

vy  ,      _  J     diad  metals,  all  the  feeble  bases  and  acids). 

~  j  37  (f°r  alkaline  and  alkaline  earthy  salts,  and 

(     all  the  strong  acids  and  bases). 


EXAMPLE. 

The  freezing-point  of  a  sample  of  acetic  acid  was  found 

to  be  16*490°  C.  ;  taking  62*014  grams  of  this  acid  and 

.  adding  thereto  0*2540  gram  of  pure  propionic  acid,  the 

solidifying  point  of  the  mixture  is  found  to  be  16*277°  C. 

What  is  the  molecular  weight  of  propionic  acid  ? 

The  observed  lowering  of  the  freezing-point  is 

16*490  —  16*277  =  0*213°  =  A", 

the  weight  of  solvent  P  =62*014  gram>  weight  of  dissolved 
body  P1  =  0*2540  gram,  and  T  =  38*6  for  acetic  acid, 
hence 

M  =  38-6(0-2540X100)  = 
62*014  X  0*213 

(Calculated  njolecular  weight  of  C2H5COOH  =  74) 


QUESTIONS. 

266.  If  the  molecular  lowering  of  the  freezing-point  of 
acetic  acid,  16*75°  C.,  be  43  in  the  case  of  benzoic  acid, 
what  is  the  temperature  of  solidification  of  a  4  per  cent, 
solution  ? 

G  2 
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267.  Plot  out  a  curve  showing  the   relation  between 
concentration  and  K  in  the  case  of  ethyl  formate  dissolved 
in  acetic  acid, 

Percentage  of  Ethyl  Formate.  Observed  K. 

0-1977.  0*101°  C. 

0-3971.  0-212°  C. 

0-5935.  0-31 5°  C. 

0-9692.  o*5ii°C. 

1-3907.  0758°  C, 

and  find  the  mean  molecular  weight  of  the  ethyl  formate 
as  given  by  this  series  of  experiments. 

268.  Find  the  coefficient  of  lowering  of  the  freezing- 
point  of  acetic  acid  by  ethyl  formate  from  the  data  of  the 
preceding  question. 

269.  What  percentage  of  methyl  acetate  has  been  added 
to  a  sample  of  acetic  acid  freezing  originally  at  16-52°  C. 
and  after  addition  of  the  ester  at  15*619°  C.  ? 

270.  By  what   amounts   should   the  freezing-point   of 
benzene  be  lowered  in  5  per  cent,  solutions  of  each  of  the 
following  bodies — toluene,  xylene,  and  anthracene  ? 

271.  Taking   567   gram  of    acetic   acid    freezing    at 
16*52°  C.  and  adding  methyl  acetate  in  successive  quan- 
tities   as   follows  :    (i)    0*0725    gram,    (2)   0*0970  gram, 
(3)  0*0821  gram,  (4)  0-1192  gram,  the  freezing-points  after 
each  addition  are  observed  to  be  (i)  i6*452°C.,(2)  i6'363cC, 
(3)  16*282°  C,  and  (4)  16*177°  C.  respectively  ;  what  is  the 
molecular  weight   of  methyl   acetate  found  from  each 
observation  ? 

272.  What  should  be  the  normal  molecular  lowering  of 
the  freezing-point  in  the  case  of  (a)  anthracene,  (b)  sodium, 
(c)  tin  ? 

273.  6  grams  of  anhydrous  magnesium  sulphate  are 
dissolved  in  100  grams  of  water ;  the  observed  depression 
of  the  freezing-point  is  0*958°  C.     Taking  the  value  of  T 
to  be  37,  which  of  the  following  formulae  most  probably 
represents  the  state  of  the  dissolved  salt,  (a)   MgSO4 : 
(b)  MgS04,  7H20  ? 
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274.  It  has  been  found  that  the  latent  heat  of  fusion  of 
a  solvent  is  connected  with  the  molecular  lowering  of  its 
freezing-point  as  shown  in  the  formula, 

(absolute  temperature)2 
latent  heat  of  fusion 


T  =  0'02. 


The  freezing-point  of  ethylene  dibromide  being  7-9°  C, 
and  the  molecular  depression  of  its  freezing-point  117*9, 
find  its  latent  heat  of  fusion. 

275.  The  value  of  Tfor  water  is  18-5,  for  formic  acid 
277,  and  for  acetic  acid  38*6,  when  organic  substances 
are  dissolved  in  each  solvent.     What  inference  may  be 
drawn  as  to  the  relative  complexity  of  the  molecules  of 
each  of  these  solvents  ? 

276.  What   conclusion    would   you    draw    as    to    the 
molecular  weight  of  nitrogen  tetroxide  from  the  following 
data  ? 

(a)  0-5269  gram  of  CHC13  introduced  into  17*3046 
grams  of  nitrogen  tetroxide  lowers  the  freezing-point  of 
the  latter  by  I  '06°. 

(b}  Similarly  0*4931  gram  of  C6H5C1  mixed  with  167650 
grams  of  nitrogen  tetroxide  lowers  its  freezing-point 

1-09°. 

277.  Find    the   molecular    weight   of  gold,  from  the 
figures  below  showing  the  effect  of  Au  in  lowering  the 
freezing-point  of  Na.     (Take  T=  104). 


Weights  of  Na. 

Weights  of  Au 
added  in 
succession. 

Freezing-point. 

20-425 
(*)      „ 
(*>      » 

2'I 

i'3i6 

97*44 

91-99 
88-59 

278.  Plot  out  a  curve  to  show  the  variation  of  the 
molecular  lowering  of  the  freezing-point  with  concentra- 
tion, using  the  data  obtained  by  Haycock  for  mercury 
dissolved  in  sodium. 
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Weight  of  Na. 

Weights  of  Hg 
added  in 

Freezing-point. 

succession. 

32  '47 



97  '47 

0-5605 

96-6 

0-7410 

95'38 

0-574° 

94-46 

0-5170 

93'64 

1-771 

9o'93 

4'95o 

83'35 

EXERCISES  ON  THE  SPECIFIC  HEAT, 
LATENT  HEAT,  AND  ATOMIC  HEAT 
OF  SUBSTANCES. 

THE  capacity  of  a  body  for  heat  is  measured  by 
determining  the  number  of  units  of  heat  required  to 
raise  that  body  one  degree  of  temperature. 

The  Specific  Heat  of  a  body  is  the  ratio  of  the  quantity 
of  heat  required  to  raise  that  body  one  degree  to  the 
quantity  required  to  raise  an  equal  weight  of  water  one 
degree. 

Latent  Heat  is  the  quantity  of  heat  which  must  be 
communicated  to  a  body  in  a  given  state  in  order  to  con- 
vert it  into  another  state  without  changing  its  temperature. 

The  Atomic  Heat  of  an  element  is  the  product  of  its 
atomic  weight  into  its  specific  heat ;  for  the  greater  num- 
ber of  the  elements,  the  mean  value  of  this  quantity  is 
6*40.  This  is  expressed  by  Dulong  and  Petit  in  the  form 
of  a  law,  thus  : — The  atoms  of  all  elementary  bodies  have 
exactly  the  same  capacity  for  heat. 

The  following  table  by  Regnault  shows  the  specific  heat 
of  the  more  important  elements  and  compound  gases 
between  o°— 100°  C. 


Iron  .... 

SPECIFIC 
O'II37Q 

HEAT, 
Sulphur  .... 

0*20259 

Zinc  

Selenium  .  .  . 

0*08370 

Copper   .... 
Mercury      .     .     . 
„        (solid)     . 
Cadmium    .     .     . 
Silver     .... 
Arsenic  .... 
Lead       .... 

0*09515 
0*03332 
0*03241 
0*05669 
0*05701 
0*08140 

Tellurium   .     .     . 
Potassium  .     .     . 
Bromine  (liquid)  . 
„       (solid-28 
Iodine    .     .     .     . 
Carbon  .     .     .     . 
Phosphorus 

0*05155 
0*16956 
0*11094 
c)  0*08432 
0*05412 
0-24111 
0*18870 

Bismuth.     .     .     . 
Antimony    . 
Tin 

0*03084 
0*05077 

Atmospheric  Air  . 
Oxygen  .  .  .  . 
Nitrogen 

0-2375 
0-2175 
0*24.38 

Nickel     .... 
Cobalt    .... 
Platinum  plate     . 
„        sponge. 
Palladium   .     .     . 
Gold  . 

0*10863 
0*10696 
0*03243 

0-05927 

Hydrogen  .  .  . 
Carbon  monoxide 
Chlorine  .  .  . 
Carbon  dioxide  . 
Nitric  oxide  .  . 
Steam 

3-4090 
0-2479 
0*1214 
0*2164 
0*2238 

0*47"; 

The  following  table,  embodying  the  results  obtained  by 
Person,  gives  the  latent  heat  of  several  bodies  : — 


Water 79'25 


Phosphorus 
Sulphur  .  .  * 
Sodium  nitrate  . 
Potassium  nitrate 
Sodium  chloride . 
Tin  . 


5*03 

9-37 

62-97 

47*37 
40-70 
14-25 


Bismuth     ....  12*64 
Lead      .     .     .     .     .       5-37 

Zinc 28-13 

Mercury    ....       2*83 

Steam 537 

Alcohol  vapour  .     .  208 

Ether  vapour ...  90 


The  heat  required  to  raise  the  temperature  of  a 
kilogram  of  water  through  i°  C.  is  able  to  do  work 
equivalent  to  the  lifting  of  a  kilogram  weight  through 
425  metres.  The  mechanical  equivalent  of  heat  is  425 
metre-kilograms. 

A  kilogram  of  water  falling  through  a  height  of  425 
metres,  and  having  its  motion  suddenly  arrested,  would 
have  its  temperature  raised  i°  C. 
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QUESTIONS. 

279.  The  following  quantities  of  water  are  mixed 
together  :  — 

1  kilogram  at  40°  C. 

2  kilograms  „  30°  „ 

3  „  „  20°  „ 

4  5>          j>     5    ?> 
Calculate  the  temperature  of  the  mixture. 

!  280.  If  one  kilogram  of  mercury  at  20°  C.  be  mixed 
with  one  kilogram  of  water  at  o°,  the  temperature  of 
the  mixture  will  be  0*634°  C.  Calculate  the  specific  heat 
of  mercury. 

!  281.  Determine  the  specific  heat  of  mercury  from  the 
observation  that  when  the  same  vessel  is  filled  succes- 
sively with  water  and  mercury,  and  heated  to  the  same 
temperature,  the  water  and  mercury  cool  through  the 
same  number  of  degrees  in  10  minutes  and  270  seconds 
respectively.  The  specific  gravity  of  mercury  being  con- 
sidered constantly  at  13*6. 

282.  Calculate  the  specific  heat  of  mercury  from  the 
following  numbers  obtained  by  Kopp,  according  to  his 
method  : — 

Temperature  of  mercury  bath     .     .  51°*!    C. 

Initial  temperature  in  calorimeter   .  I3°'4i  „ 

Final  „  „  .  i6°*5o  „ 

Weight  of  water  in  calorimeter   .     .  26*945  grams. 

Weight  of  mercury  used     ....  53*015        ,, 

Thermal  value  of  apparatus    .     .     .  0*65 1        „ 

283.  Calculate  the  specific  heat  of  phosphorus  from  the 
following  determination  by  Kopp  : — 

Temperature  of  mercury  bath    .     .  38°*8    C. 

Initial  temperature  in  calorimeter  .  ioc<o5  „ 

Final  „  „  .  I3°*2O    grams. 

Weight  of  water  in  calorimeter  .     .  26*95         „ 

Weight  of  phosphorus  employed    .  3*075       „ 

Weight  of  water  in  tube    ....  2*065       » 
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f  284.  The  specific  heat  of  water  is  4  times,  and  its  density 
770  times,  that  of  air.  Supposing  a  cubic  mile  of  water  to 
yield  up  one  degree  of  its  heat  to  a  cold  atmosphere, 
what  quantity  would  1000  cubic  miles  of  the  atmosphere 
be  heated  ? 

285.  A  bar  of  platinum  weighing  150  grams  is  heated 
in  a  furnace  until  its  temperature  becomes  constant,  when 
it  is  thrown  into  a  kilogram  of  water,  the  temperature  of 
which  it  raises  from  15°  to  20°.     Required  the  temperature 
of  the  furnace  on  the  assumption  that  the  specific  heat  of 
platinum    is    0*03308  +  o*ooooc>42/  between  o°   and  /°. 
(Pouillet.) 

286.  A  determination  of  the  specific  heat  of  iron  made 
in  the  calorimeter  of  Lavoisier  and  Laplace  yielded  the 
following  data.     Calculate  the  specific  heat  of  iron  : — 

Weight  of  iron  taken    .     .  .  100      grams. 

Weight  of  ice  melted     .     .  .       14*35     » 

Initial  temperature  of  iron  .  100°     C. 

Latent  heat  of  water    .     .  .  79*25 

287.  The  mechanical  equivalent  of  heat  is  425  metre- 
kilograms.     What  is  this  in  foot-pounds  ? 

288.  From  what  height  must  a  block  of  ice  at  o°  C. 
fall  that  the  heat  generated  by  its  collision  with  the  earth 
shall  be  just  competent  to  melt  it  ?     From  what  height 
must  it  fall  that  the  heat  generated  may  be  sufficient  to 
convert  it  into  steam  ? 

289.  If  Ww  =  the  number  of  scale  divisions  on  a 
Bunsen's  calorimeter  equivalent  to  one  gramme-degree 
unit  of  heat,  T  —  the  observed  movement  of  the  thread 
in  scale  divisions,  G  —  the  weight  of  substance  taken 

T 

and  /  its  temperature,  then  sp.  ht.  =  -rr? — -~ — •  Find 

the  sp.  ht.  of  indium  if  £  =  1*1514,  t  =  99*82°  C.,  Ww  = 
14*657  and  T  —  100*2.  Time  correction  for  T  = 
-  3'45-) 

290.  From   the  data   given,   find    the    specific    heats 
of  (A)  cast  silver,  (£)  cast  zinc,  (C)  cast  antimony,  (D) 
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cast  cadmium,  (E)  roll  sulphur,  as  determined  by  Bunsen's 
method.     W-w  =  14*657. 


Weight  of  substance      .     . 
Temperature    . 

A. 

3-6320 
ioo°C 

B. 

2*5150 

QQ-8°C 

C. 

QQ'8°C 

D. 

i  '8675 

QQ-8°C 

E. 

i  "0708 

IOO°C 

Scale  movement  .... 

2977 

343'8 

279-5 

1467 

268-8 

291.  One  kilogram  of  steam  at  100°  C.  is  condensed  in 
forty-nine  kilos  of  water  at  16°  C.  ;  what  is  the  temperature 
of  the  mixture  ? 

292.  It  is  required  to  distil  2  kilos,  of  ethyl  alcohol 
(BP.  78*3°)  per  hour.     What  must  be  the  supply  of  water 
at  1 6°  C.  in  order  that  the  temperature  of  the  water  round 
the  worm  may  not  average  higher  than  25°  C.  ?     (Specific 
heat  of  ethyl  alcohol  =  0*615). 

293.  75  grams  of  water  are  placed  in  a  calorimeter  of 
which  the  water  equivalent  is  5  grams  ;  when  at  15°  C.,  5 
grams  of  steam  are  passed  into  and  condensed  by  the 
water  with  the  result  that  the  temperature  of  the  calori- 
meter and  its  contents  is  raised  to  5 1  '6°  C.  ;  from  these 
data  calculate  the  latent  heat  of  vaporization  of  steam. 

294.  Using  the  atomic  weights  given  in  Appendix  I., 
calculate  the  atomic  heats  of  Pb,  Ag,  Cu,  Fe,  S,  and  P. 

295.  Taking  the  mean  value  of  the  atomic  heats  of  the 
elements  as  6*4,  and  the  specific  heats  given  in  the  table, 
find  the  atomic  weights  of  Ag,  Zn,  Bi,  Sn,  and  Fe.     The 
stochiometrical  quantities  of  these  elements  found  by  analy- 
sis as  equivalent  to  35*37  parts  of  Cl  are  as  follows  : — 
Ag  107-66,  Zn  32-44,  Bi  69*16,  Sn  29-339,  and  Fe  18*626  ; 
from  these  numbers  deduce  the  exact  atomic  weights  of 
the  elements  in  question. 

296.  It  is  found  that  in  many  compounds  the  sum  of 
the  atomic  heats  of  the  atoms  of  which  the  molecule  is 
built  up  equals  the  product  of  the  molecular  weight  into 
the  specific  heat  of  the  compound  (the  molecular  heat)  ; 
assuming  this  to  be  always  the  case,  deduce  the  atomic 
heats  in  the  solid  state  of  Cl  and  O,  from  the  data  that  the 
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sp.  ht.  of  PbCl2  =  0-0644  (Regnault),  of  Ga2O3  =  0-1062, 
and  of  In2O3  =  0*0807. 

(Specific  heats, — Ga,  0*079  5  In?  °'°57-) 

297.  Deduce    the   atomic    heat  of  oxygen  from  the 
molecular  heat  28-3  of  potassium  permanganate. 

(Specific  heats, — K,  0*166  ;  Mn,  0*122.) 

298.  Find  the  approximate  atomic  heat  of  hydrogen  if 
the  molecular  heat  of  NH4C1  be  taken  as  20,  and  the 
atomic  heats  of  N  and  Cl  as  5*6  and  6*4  respectively. 

299.  The  atomic  heat  of  lead  is  deduced  from  Regnault's 
value  for  the  specific  heat  to  be  about  6*3,  the  specific 
heat   of  cerussite    =    0*080,  of  calc-spar    =    0*206,    of 
strontianite  =  0*145,  and  °*  witherite  =  0*109  5  find  tne 
atomic  heats  of  Ca,  Sr,  and  Ba. 

HEAT  OF  SOLUTION ;  HEAT  OF  COMBINA- 
TION ;  CALORIFIC  POWER;  CALORIFIC 
INTENSITY. 

CHEMICAL  change  is  usually  accompanied  by  changes 
in  the  distribution  of  energy  in  the  system  considered. 
By  far  the  larger  part  of  the  energy  lost  to  the  changing 
systems  during  chemical  reactions  is  given  out  in  the 
form  of  heat ;  reactions  in  which  heat  is  evolved  are  said 
to  be  exothermic.  There  exists  also  a  class  of  reactions 
requiring  heat  to  be  imparted  from  without  the  system  to 
the  reacting  bodies  to  enable  the  change  to  occur  ;  such 
reactions  are  termed  endothermic. 

It  is  convenient  to  consider  the  thermal  effects  of  the 
solution  of  substances  together  with  the  changes  of  energy- 
distribution  due  to  strictly  chemical  reactions.  The 
thermal  unit  in  general  use  in  connection  with  problems 
of  this  character  is  defined  to  be  the  amount  of  heat 
required  to  raise  the  temperature  of  one  kilogram  of  water 
one  degree  Centigrade  (the  Calorie). 

Generally  the  heat  of  combination  is  only  one  of  a 
number  of  factors  in  the  total  thermal  effect,  heat  being 
absorbed  in  the  liquefaction  or  vaporization  and  evolved 
on  the  solidification  of  the  reacting  substances  and  pro- 
ducts. 
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In  the  phenomena  of  ordinary  combustion  the  terms 
calorific  power  and  calorific  intensity  are  used  ;  by  the 
former  we  understand  the  amount  of  heat  produced  by 
the  combustion  of  one  unit  of  weight  of  the  burning  sub- 
stance, whereas  the  latter  indicates  the  temperature  to 
which  the  products  of  combustion  can  be  raised  by  the 
heat  evolved. 

TT 

The  calorific  intensity  1  = 

m^i  +  m2s2  +  m3s3  +  .... 

where  H  represents  the  calorific  power,  ^  s2  s3  &c.,  the 
specific  heats,  and  1%  m2  m3  &c.,  the  masses  of  the  pro- 
ducts of  the  combustion  of  one  unit  weight  of  substance. 

The  following  table  expresses  the  calorific  powers  of  a 
number  of  substances  burnt  in  oxygen  : — 

1,144- 
602. 

2,403- 
13,063. 
11,858. 

6,850. 

The  calorific  power  of  any  substance  is  a  constant, 
being  the  same  whether  the  body  be  burnt  in  oxygen  or 
in  air  and  whether  it  be  burnt  rapidly  or  slowly ;  the 
calorific  intensity  is  modified  by  the  circumstances  under 
which  the  combustion  takes  place,  any  mixture  of  inert 
material — e.g.  nitrogen  in  air,  ash  in  coal — lessening  / 
since  heat  must  be  used  to  raise  the  temperature  of  the 
foreign  matters.  Again,  if  radiation  be  allowed  to  take 
place  freely  the  temperature  reached  during  slow  com- 
bustion will  not  be  nearly  so  high  as  that  attained  by  a 
more  rapid  burning. 

A  special  form  of  notation  is  used  in  thermo-chemistry — 
e.g.  [H2,  CP]  =  44,000  -f  .  in  words  means  '  two  kilo- 
grams of  hydrogen  combine  with  seventy-one  kilograms 
of  chlorine  with  the  evolution  (+)  of  44,000  Calories.7 


EXAMPLES. 

I.  The  calorific  power  of  carbon  is  8080,  what  is  its 
calorific  intensity  when  burnt  in  oxygen  ? 


Hydrogen  . 

^4.462. 

Tin  

Carbon  .  . 
Sulphur  .  . 
Phosphorus  . 
Zinc  .  .  . 
Iron  .  .  . 

»}«-(•,  <TV*' 
8,080. 

2,220. 

5,747- 
1,301. 
1,576. 

Copper    .     .     . 
Carbonic  oxide. 
Marsh  gas    . 
Olefiant  gas  .     . 
Alcohol    .     .     . 
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12  parts  of  carbon  give  on  combustion  44  parts  of  carbon 
dioxide,  hence  I  kilo,  produces  3-67  kilos.  The  specific 
heat  of  carbon  dioxide  is  0*2164. 

Hence  7  =     ,    8o8°    ,     =  io,i74°C. 
3*67  x  0*2164 

2.  Find  the  calorific  intensity  of  hydrogen  burning  in 
oxygen  from  the  appended  data. 

Calorific  power  of  hydrogen  34,462. 

Weight  of  the  product  of  combustion  (H2O)  yielded  by 
I  kilo,  of  hydrogen,  9  kilos. 

Specific  heat  of  steam  0*475. 

Here  it  must  be  remembered  that  at  the  temperature  of 
combustion  the  water  produced  remains  in  the  gaseous 
state,  whereas  the  calorific  power  given  above  includes  the 
heat  given  out  on  the  condensation  of  the  water  vapour 
produced  to  water  ;  hence  the  latent  heat  of  vaporization 
of  the  water  must  be  deducted  from  the  given  calorific 
power  in  calculating  the  value  for  /. 

Assuming    that  the  initial    temperature  is    o°C.   the 
total  heat  required  to  raise  the  temperature  of  the  water 
produced  to   T°  =  9  {100  +  537  +  0*475  (7"—  100)  J  and 
this  is  necessarily  the  same  as  the  calorific  power. 
Hence  /  =  T°,  and 


9  {100+  537  -  47*5+0*475  ?}  =  34,4^2. 

589-5+  0*475  T=    34^62 
therefore     1  =  T=  ft-  589-5)  =  682O.2cC 


o'475 

3.  Determine  the  heat  of  formation  of  CH2O2  from  its 
elements  from  the  data  :  — 

[C,02]  =  96,960  +  ;     [H2,0]  =  68,360  +;     [CH2Oa,O]  = 
65,900  +. 

The  total  heat  produced  by  the  oxidation  of  free  C.  and 
H2  to  CO2  and  H2O  must  evidently  be  equivalent  to  the 
heat  of  formation  of  CH2O2  together  with  the  heat  pro- 
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duced  by  the  oxidation  of  CH2O2,  for  we  obtain  the  same 
final  products  in  both  cases. 

[C,02]  +  [H2,0]  =  [C,H2,02]  +  [CH202,0].  and  [C,O2] 
+  ]H2,0]  =  96,960  +  68,360  =  165,320  +  . 

.-.  [C,H2,02]  =  165,320  -  [CH202,0] 
=  165,320  -  65,900 
=    99,420+. 

4.  Find  the  heat  of  solution  of  HBr  from  the  data  : — 

(1)  [KOH  Aq,  HC1  Aq]  =  [KOH  Aq,  HBr  Aq]. 

(2)  [K  Br  Aq,  Cl]  =  11,500  +.     (3)  [Br,  Aq]  =  500  +. 
(4)  [H,  Br]  =  8,400.     (5)  [H,  Cl,  Aq]  =  39,300. 

From    (2).     [KBr  Aq,    Cl]  =  [K,    Cl,  Aq]  +  [Br,  Aq]  - 
[K,  Br,  Aq]  -  11,500. 

Replacement   of  Br  by   Cl  gives  11500  thermal   units. 
From  this  (5)  and  (i)  we  have 

[H,  Br,  Aq]  =  [H,  Cl,  Aq]  =  11,000  =  28,300 
and  [HBr,  Aq]  =  [H,  Br,  Aq]  -  [H,  Br] 

that  is  [HBr,  Aq]  =  28,300  —  8,400  =  19,900, 

or  the  heat  of  solution  of  HBr  is  represented  by  19,900 
thermal  units. 


QUESTIONS. 

300.  What  weight  of  water  would  be  heated  from  o°  to 
1°  C.  by  the  combustion  of  I  gram  of  hydrogen  ? 

301.  One  gram  of  phosphorus  is  burnt  in  oxygen.     To 
what  temperature  would  a  kilogram  of  water  at  o°  C.  be 
raised  by  the  combustion  ? 

302.  Calculate  the  amount  of  water  raised  15°  by  the 
combustion  of  i  gram  of  sulphur  in  oxygen. 

303.  Calculate  the  calorific  intensity  of  (i)  ethylene, 
(2)  of  methane  burning  in  air. 
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304.  Calculate  the  calorific  intensity  of  Newcastle 
Hartley  coal  possessing  the  following  percentage  com- 
position : — 

Carbon 88*42 

Hydrogen  ....       5*61 

Oxygen 5-97 

lOO'OO 


305.  Determine  the  amount  of  heat  disengaged  by  the 
combination  of  I  gram  of  carbon  with  oxygen  from  the 
following  experiment  by  Andrews  : — 

Weight  of  substance  burnt     .     .     .  ro88  grams. 

Temperature  of  the  air      ....  io°*o6   C. 

The  excess  of  the  final  temperature  )  0 

of  the  water  above  that  of  the  air  {  ( 

Increment  of  temperature  found     .  2°*473  » 

t  „                        „         corrected .  2^464  „ 

Weight  of  water  in  the  calorimeter  318*3  grams. 

Thermal  value  of  the  vessels      .     .  180      „ 

!  306.  Calculate  the  thermal  power  of  charcoal  from  the 
following  data  : — 

Weight  of  substance  consumed  .         10  parts. 

„          the.  water 8900    „ 

„          the  copper  vessel  .     .     1000    „ 
Specific  heat  of  copper  ....  0*095 1 5 

Initial  temperature .     .     .     .     11°  C. 

•Final  „  ....     20°  C. 

307.  Calculate  the  height  to  which  a  ton  weight  would 
be  raised  by  the  combustion  of  a  kilogram  of  this  char- 
coal, supposing  that  all  the  heat  evolved  was  utilised  in 
the  lifting. 

308.  Find  the  heat  of  formation  of  H2SO4  from  its 
elements. 


L  /          xj  _'•"  '     i.      J          J  s  j  s  -  -   r     u  -    ~     7 AJ  «5'  J^°  > 

[H2S04,  Aq]  =  17,000  : 
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309.  Given  that  [C,O2]  =  96,900  and  [H2,O]  =  68,400, 
find  the  heat  of  formation  of  CH.4,  if  the  complete  com- 
bustion of  CH4  gives  213,500  heat  units. 

310.  From  the  given  data,  find  the  heat  of  formation  of 

HCN  :—  [C,O2]  =  96,900  ;  [H2,O]  =  68,400  ; 
[2HCN,50]  =  319,000. 

311.  What  is  the  thermal  value  of  the  reaction  [N2,O]  ? 
Data  :—  [C,2N2O]  =  133,900.     [C,O2]  =  96,900. 

312.  Calculate  the  heat  of  combination  of  alcohol  and 
acetic  acid    [C2H6O,  C2H4O2],  having  given  :— 

[C2H6Q,06]  =  330,400  ;  [C2H*02,04]  =  210,300; 
[(C2H5)OOC.CH3,  5.02]  - 


313.  Find  the  heat  of  formation  of  aldehyde  from  its 
elements,  (a)  liquid,  (b)  gaseous. 

Data  :—  C2H4O  +  5.0  =  2CO2  +  2H2O. 

-C'H'O,  50]  =  275,500;  [C,02]  =  96,900; 
H2,O]  liquid  =  68,400  ;  [H2,O]  gaseous  =  58,700  ; 
C2H4O,5O]  gaseous  =  266,000. 

314.  The  heat   of  solution  of    K2SO4  is   6340  —  ,   of 
CuSO4,5H2O  is  2430  -,  of  K2SO4.CuSO4.7H2O  =  14,360-. 
What  is  the  heat  of  formation  of  the  double  salt  in  solu- 
tion ? 

315.  [P2,O5]  =  369,100  +  with     ordinary     phosphorus, 
[P2,O5]  =326,800  +  with  amorphous  phosphorus.     What 
is  the  thermal  value  of  the  change  from  the  yellow  to  the 
red  variety  ? 

316.  In  the  reaction  [H3PO3Aq,  x  NaOH  Aq]  the  heat 
of  neutralization  for  x  =  \  is  7,400  ;  for  x  =  I  is  14,800  ; 
for  x  —  2  is  28,500  ;  for^r  =  3  is  28,900.     What  deductions 
may  be  drawn  as  to  the  basicity  of  this  acid  ? 


Questions  marked  thus  (!)  are  from  the  Owens  College  Calendars. 
Questions  marked  thus  (i)  are  from  the  examination  papers  of  the  Science 
and  Art  Department. 
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TABLE  I. 
Atomic   Weights  and  Symbols  of  the  Elements. 


Elements. 

Symbol. 

Atomic 
Weight. 

Observer. 

Aluminium 

Al 

Mallet 

Antimony   . 

Sb  (Stibium)      .     . 
As 

ii9'6 

Cooke. 

Barium  . 

Ba 

136-86 

Pelouze  '  Marignac 

Beryllium   . 

Be  

9  '08 

Nilson  &  Pettersson. 

Bismuth 

Bi  

207*5 

(Schneider;        (208*38: 

1  Boron     . 

B     . 

IO'Q 

\     Classen). 
Deville. 

j  Bromine 

Br  

79*76 

Stas. 

Cadmium    .     . 
Csesium  . 

Cd  

Cs    .     .     . 

111*7 

132*7 

Lenssen. 
Johnson  &  Allen 

Calcium 

Ca 

OQ'QT 

Carbon  . 

c 

ii  '97 

Van  der  Plaats 

Cerium  . 

Ce    .     .     .     . 

129*90 

Robinson 

Chlorine      .     . 
Chromium  . 
Cobalt    .     .     . 

Cl  
Cr  
Co  

SB'S? 
52-06 
58*6 

Stas. 
Rawson. 
Russell 

Copper  .     .     . 

Didymium  .     . 
Erbium 

Cu  (Cuprum) 

Di.  . 
E 

63-18 

146*0 
1  66 

/Hampe;              (63*45: 
\    Richards). 
Brauner. 
Cleve 

Fluorine 

F     . 

19*06 

Louyet 

Gallium 

Ga 

Germanium 

Ge  . 

72*3 

Winkler 

Gold  .... 
Hydrogen 

Au  (Aurum)  . 

196*85 

Thorpe  &  Laurie. 

Indium  .     . 

In.  .     .     . 

H3'4 

Winkler 

Iodine 

Stas 

Iridium  . 

Ir 

IQ2'C 

Iron  .... 

Fe  (Ferrum)      .     . 

55-88 

/Berzelius  ;       Erdmann 
\    &  Marchand. 

H 
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TABLE  I.— (continued.) 


Elements. 

Symbol. 

Atomic 

Weight. 

Observer. 

Lanthanum 

La        

138*81 

Marignac 

Lead.     .     .     . 
Lithium  .     . 

Pb  (Plumbum)  .     . 
Li         

206  '39 
7'oi 

Stas. 
Stas 

Magnesium 

Mg  

23'94 

Marchand  &  Scheerer 

Manganese      . 

Mn 

54'8 

Mercury 
Molybdenum  . 

Hg  (Hydrargyrum) 
Mo       

199-8 

QC'SO 

Erdmann  &  Marchand. 
Von  der  Pfordten 

Nickel    .     .     . 

Ni  

c8'6 

Russell 

Niobium     .     . 
Nitrogen 

Nb  
N    

937 

Marignac. 
Stas 

Osmium 

Os 

i' 

Seubert 

Oxygen  . 

O 

m'o6 

(Dumas  ;    Erdmann    & 

Palladium 

Pd 

io6'35 

(     Marchand. 

Phosphorus 

p     

30-96 

SchrStter 

Platinum     .     . 
Potassium  . 
Rhodium 

Pt  

K  (Kalium).  .     .     . 
Rh 

*94'3 
39  '03 

Seubert. 
Stas. 

Rubidium  . 

Rb        

85'34 

Heycock 

Ruthenium 

Ru  

103*5 

Claus 

'  Samarium  . 

Sm 

Cleve 

Scandium    . 

Sc    

43'97 

Nilson 

Selenium 

Se 

78*8? 

Silicon    .     .     . 

Silver      .     .     . 
Sodium  .     .     . 
Strontium   . 

Si  

Ag  (Argentium)     . 
Na  (Natrium)    .     . 
Sr 

28  -Q 

107  '66 
22-99 

R7-Q 

/Dumas  ;  Schiel  ;  (28*33  '• 
(    Thorpe  &  Young.) 
Stas. 
Stas. 

Sulphur 

s    

31  '98 

Stas 

Tantalum 

Ta 

i82'o 

Tellurium   . 

Te             ... 

125 

Brauner 

Thallium 

Tl 

Thorium 

Th 

231  "QQ 

Kriiss  &  Nilson 

Tin    .... 
Titanium 

Sn  (Stannum)    .     . 
Ti  

H7'35 
48  'o 

fBerzelius  ;  (117*8  :  Van 
\    derPlaats). 
Thorpe 

Tungsten    .     . 

Uranium     .     . 
Vanadium 

W  (Wolfram)     .     . 
U.    .     .     .     .     .     . 

v  . 

183-6 
238-9 

(Schneider  ;  Marchand  ; 
\     Persoz. 
(Zimmermann,          Ali- 
\    begoff  &  Kriiss. 

Ytterbium  . 
Yttrium  ...  .     . 

Zinc  .... 
Zirconium  .     . 

Yb  
Y.    ..'.... 

Zn  
Zr  

172*8 
88-9 

64*88 
90-40 

Marignac. 
Cleve. 
/Erdmann  ;  (65*18  :  Van 
\    derPlaats). 
G.  H.  Bailey. 
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TABLE  II. 


Weight  of  one  Cubic  Centimetre  of  Atmospheric  Air  at  different 
Temperatures  from  o°  to  300°,  at  760  mm.  pressure. 


0 

0*001293 

46 

0*001108 

92 

0*000967 

138 

0*000858 

I 

001288 

47 

001105 

93 

000964 

139 

000856 

2 

001284 

48 

001  102 

94 

000962 

140 

000854 

3 

001279 

49 

001098 

95 

000959 

141 

000852 

4 

001275 

So 

001095 

96 

000956 

142 

000850 

5 

001270 

51 

001091 

97 

000953 

143 

000848 

6 

001266 

52 

001088 

98 

000951 

144 

000846 

7 

001261 

53 

001084 

99 

000948 

145 

000844 

8 

001257 

54 

001081 

00 

000946 

I46 

000842 

9 

001252 

55 

001077 

01 

000943 

147 

000840 

10 

001248 

56 

001074 

02 

000941 

I48 

000838 

ii 

001243 

57 

001070 

03 

000938 

149 

000836 

12 

001239 

58 

001067 

04 

000936 

15° 

000834 

13 

001234 

59 

001063 

05 

000933 

000832 

14 

001230 

60 

001060 

06 

000931 

152 

000830 

15 

001225 

61 

001057 

07 

000928 

153 

000828 

16 

OOI22I 

62 

001053 

08 

000926 

154 

000826 

17 

OOI2I7 

63 

001050 

09 

000923 

155 

000824 

18 

OOI2I3 

64 

001047 

IO 

000921 

I56 

000822 

19 

001209 

65 

001044 

II 

000919 

157 

000821 

20 

001205 

66 

001041 

12 

000916 

000819 

21 

OOI2OI 

67 

001038 

13 

000914 

159 

000817 

22 

OOII97 

68 

001035 

14 

OOOgil 

160 

000815 

23 

OOII93 

69 

001032 

15 

000909 

161 

000813 

24 

OOllSg 

70 

001029 

16 

000907 

162 

000811 

25 

OOIl85 

001026 

17 

000905 

163 

000809 

26 

001181 

72 

001023 

18 

000903 

164 

.000807 

27 

001177 

73 

OOIO2O 

19 

000900 

165 

000806 

28 

001173 

74 

OOIOI7 

20 

000898 

166 

000804 

29 

001169 

75 

OOIOI4 

21 

000896 

167 

000802 

30 

001165 

76 

OOIOII 

22 

000894 

168 

000800 

31 

001161 

77 

001008 

123 

OOoSgi 

169 

000798 

32 

001157 

78 

001005 

124 

000889 

170 

000796 

33 

001154 

79 

001002 

125 

000887 

171 

000794 

34 

001150 

80 

001000 

126 

000884 

172 

000793 

35 

001146 

81 

000997 

127 

000882 

i73 

000791 

36 

001142 

82 

000994 

I2§ 

000880 

000789 

37 

001138 

83 

000992 

129 

000878 

175 

000788 

38 

001134 

84 

000989 

130 

000876 

176 

000786 

39 

001131 

85 

000986 

000874 

177 

000784 

40 

001128 

86 

000983 

132 

000871 

178 

000782 

001124 

87 

000980 

133 

000869 

179 

000781 

42 

OOII2I 

88 

000977 

134 

000867 

1  80 

000779 

43 

001118 

89' 

000974 

135 

000865 

181 

000777 

44 

001114 

90 

000972 

000863 

182 

000776 

45 

OOIIII 

000969 

137 

000860 

183 

000774 

H  2 
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184 

0'000772 

213 

o'ooo725 

242 

0*000685 

271 

o'ooo648 

185 

OOO77O 

214 

000724 

243 

000683 

272 

000647 

186 

000769 

215 

000722 

244 

000682 

273 

000646 

187 

000767 

216 

000721 

245 

000681 

274 

000645 

188 

000765 

217 

000719 

246 

000679 

275 

000643 

189 

000763 

218 

000718 

247 

000678 

276 

000642 

190 

000762 

219 

000716 

248 

000677 

277 

000641 

191 

000760 

220 

000715 

249 

000675 

278 

000640 

192 

000758 

221 

000713 

250 

000674 

279 

000639 

193 

000757 

222 

000712 

25i 

000673 

280 

000638 

194 

000755 

223 

000710 

252 

000672 

281 

000636 

195 

000754 

224 

000709 

253 

000670 

282 

000635 

196 

000752 

225 

000708 

254 

000669 

283 

000634 

197 

000751 

226 

000706 

255 

000668 

284 

000633 

198 

000749 

227 

000705 

256 

000666 

285 

000631 

199 

000748 

228 

000703 

257 

000665 

286 

000630 

200 

000746 

229 

000702 

258 

000664 

287 

000629 

201 

000744 

230 

000701 

259 

000663 

288 

000628 

202 

000743 

231 

000699 

260 

000662 

289 

000627 

203 

000740 

232 

000698 

261 

000660 

290 

000626 

204 

000739 

233 

000697 

262 

000659 

291 

000625 

205 

000737 

234 

000695 

263 

000658 

292 

000624 

206 

000736 

235 

000694 

264 

000657 

293 

000623 

207 

000734 

236 

000692 

265 

000655 

294 

000622 

,208 

000733 

237 

000691 

266 

000654 

295 

000621 

2O9 

000731 

238 

000690 

267 

000653 

296 

000620 

210 

000730 

239 

000689 

268 

000652 

297 

000619 

211 

000728 

240 

000688 

269 

000651 

298 

000618 

212 

000727 

241 

000686 

270 

000650 

299 

000617 

300 

000616  j 

TABLE  III. 


The  weight  of  1000  c.c.  of  water  of  t°  C.,  when  determined  by 
means  of  brass  weights  in  air  of  o°  C.,  and  of  a  tension  o"j6?n. , 
is  equal  to  1000  —  x  grms. 


t* 

0 

i 

2 

3 

4 

5 

6 

7 

8 

9 

10 

ii 

12 

X 

1-26 

i  '20 

1-16 

i'i3 

1*12 

I'I2 

1-14 

1-17 

V22 

1-28 

i  '35 

i  '44 

i  '54 

t° 

13 

*4 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

X 

1-65 

1-78 

1-92 

2*07 

2'23 

2*40 

2-58 

2-78 

2'99 

3  '20 

3'43 

3'66 

3  '9° 

f 

26 

27 

28 

29 

3° 

X 

4'*7 

4  '45 

4-72 

4  '99 

5-26 
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TABLE  IV. 


Volume  and  Density  of  Water  at  different  Temperatures, 
(ROSSETTI). 


Temp. 

Volume  of 
Water 
(at  o°  =  i). 

Sp.  Gr.  of 
Water 
(at  o°  =  i). 

Volume  of 
Water 
(at  4°  =  i). 

Sp.  Gr.  of 
Water 
(at  4°  =  i). 

0 

I  '00000 

I  '000000 

"00013 

0*999871 

i 

0-99994 

I  '000057 

'00007 

0-999928 

2 

0-99990 

I  "000098 

'00003 

0-999969 

3 

©'99988 

I'OOOI2O 

'OOOOI 

0-999991 

4 

0-99987 

I  '000129 

'00000 

1*000000 

5 

0-99988 

I  '000119 

'OOOOI 

0-999990 

6 

0-99990 

I  '000099 

'00003 

0-999970 

7 

0-99994 

I  '000062 

'00007 

0-999933 

8 

0-99999 

1*000015 

"OOOII 

0*999886 

9 

"00005 

o'999953 

"00018 

0-999824 

10 

"00012 

0-999876 

"00025 

o"999747 

ii 

"OOO22 

0-999784 

•00034 

o'999655 

12 

"00032 

0-999678 

•00045 

0*999549 

13 

"00044 

0*999559 

•00057 

o'99943o 

14 

"00057 

0-999429 

•00070 

0*999299 

"00071 

0-999289 

"00084 

0*999160 

16 

"00087 

0-999131 

"00100 

0*999002 

17 

"00103 

0-998970 

•00116 

0*998841 

18 

"00122 

0*998782 

-00135 

0-998654 

19 

'OOI4I 

0-998588 

-00154 

0*998460 

20 

"OOIOI 

0*998388 

•00174 

0-998259 

21 

"00183 

0*998176 

'00196 

0-998047 

22 

"00205 

o'997956 

'00217 

0-997828 

23 

"00228 

0-997730 

'00240 

0*997601 

24 

'OO25I 

o*997495 

'00264 

0-997367 

25 

'00276 

0*997249 

'00289 

0*997120 

26 

•00301 

0-996994 

•00314 

0-996866 

27 

'00328 

0-996732 

•00341 

0^996603 

28 

•00355 

0*996460 

•00368 

0-996331 

29 

•00383 

0-996179 

•00396 

0-996051 

30 

'OO4I2 

0-99589 

•00425 

0*99577 

40 

•00757 

... 

50 

'OIl82 

... 

60 

'01678 

... 

70 

•02243 

80 

•02874 

... 

... 

90 

-03554 

... 

... 

100 

'04299 

... 
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TABLE  v 


For  the  Calculation  of 


I  +  0*003677* 


T 

T 

T 

T 

1 

i 

0-99634 

38 

o'8776i 

75 

0-78416 

112 

0*70870 

2 

99271 

39 

87479 

76 

78191 

"3 

70686 

3 

98911 

40 

87199 

77 

77967 

114 

70503 

4 

98553 

4i 

86921 

78 

77745 

H5 

70321 

5 

98198 

42 

86645 

79 

77523 

116 

70140 

6 

97845 

43 

86370 

80 

77304 

117 

69960 

7 

97495 

44 

86097 

81 

77085 

118 

6978! 

8 

97148 

45 

85826 

82 

76867 

119 

69603 

9 

96803 

46 

85556 

83 

76651 

1  20 

69425 

10 

96460 

47 

85289 

84 

76436 

121 

69249 

it 

96120 

48 

85022 

85 

76222 

122 

69073 

12 

95782 

49 

84758 

86 

76010 

123 

68899 

13 

95446 

5o 

84495 

87 

75798 

I24 

68725 

14 

95U3 

5i 

84234 

88 

75588 

125 

68552 

15 

94782 

52 

83974 

89 

75379 

x*6 

68380 

16 

94454 

53 

83716 

90 

75i7i 

127 

68209 

17 

94127 

54 

83460 

9i 

74964 

128 

68038 

18 

93803 

55 

83205 

92 

74758 

129 

67869 

19 

93482 

56 

82952 

93 

74554 

130 

67700 

20 

93162 

57 

82700 

94 

74354 

131 

67532 

21 

92844 

58 

82450 

95 

74148 

132 

67365 

22 

92529 

59 

82201 

96 

73947 

i33 

67199 

23 

92216 

60 

8i954 

97 

73747 

i34 

67034 

24 

9I9°5 

61 

81708 

98 

73548 

i35 

66870 

25 

91596 

62 

8I464 

99 

73350 

136 

66706 

26 

91289 

63 

81221 

100 

73153 

i37 

66543 

27 

90984 

64 

80979 

101 

72957 

138 

66380 

28 

90682 

65 

80740 

102 

72762 

i39 

66219 

29 

90381 

66 

80501 

103 

72568 

140 

66059 

30 

90082 

67 

80264 

104 

72376 

141 

65899 

31 

89785 

68 

80028 

105 

72184 

142 

65740 

32 

89490 

69 

79794 

106 

71993 

i43 

65582 

33 

89197 

70 

7956i 

107 

71803 

144 

65424 

34 

88906 

7r 

79329 

108 

71615 

i45 

65268 

35 

88617 

72 

79099 

rog 

71427 

146 

65112 

36 

88330 

73  • 

78870 

no 

71240 

i47 

64957 

37 

88044 

74 

78642 

III 

7I055 

148 

64802 
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TABLE  VI. 


Pressure  (tension)  of  Water  Vapour  between  -  19°  and  101°  C.t 
(BROCH). 


T.°C. 

mm. 

T.6C. 

mm. 

T.°C. 

mm. 

T.°C. 

mm. 

-19 

i  '0288 

12 

10-4322 

43 

64-3104 

74 

276-8675 

-  18 

I'I202 

13 

11-1370 

44 

67-7568 

75 

288-7640 

-17 

1-2187 

14 

11-8835 

45 

71-3619 

76 

301-0860 

-16 

1-3248 

15 

12-6739 

46 

75'i3i4 

77 

313-8475 

-i5 

I  '4390 

16 

13-5103 

47 

79-0714 

78 

327'o549 

-  14 

1*5618 

J7 

14-3950 

48 

83-1883 

79 

340-7265 

~i3 

1-6939 

18 

15-3304 

49 

87-4882 

80 

354'8730 

-  12 

i'8357 

i9 

16-3189 

50 

91-9780 

81 

369-5075 

-  II 

1-9880 

20 

17-3632 

5i 

96-6644 

'82 

384-6432 

-  10 

2-1514 

21 

18-4659 

52 

101-5541 

83 

400/2933 

—  g 

2-3266 

22 

19-6297 

53 

106*6546 

84 

416-4721 

—  8 

2'5i43 

23 

20-8576 

54 

111-9730 

85 

433-1938 

-7 

2"7i53 

24 

22-1524 

55 

117-5162 

86 

450*4730 

-6 

2-9304 

25 

23-5174 

56 

123-2925 

87 

468-3240 

-  5 

3'i6o5 

26 

24-9556 

57 

129-3095 

88 

486-7635 

-4 
-3 

3'4o65 
3-6693 

27 
28 

26-4705 
28-0654 

58 
59 

135-5750 
142-0973 

89 
90 

505-8059 
525*4676 

—  2 

3-9499 

29 

29'7439 

60 

148-8848 

9i 

545-7650 

—  I 

4'2493 

30 

31-5096 

6l 

155-9456 

92 

566-7149 

0 

4'5687 

31 

33-3664 

62 

163-2889 

93 

588-3349 

+  1 

4-9091 

32 

35-3181 

63 

170*9236 

94 

610*6426 

2 

5"27i9 

33 

37-3689 

64 

178-8585 

95 

633-6567 

3 

5-6582 

34 

39-5228 

65 

187-1028 

96 

657'3956 

4 

6*0693 

35 

41-7842 

66 

i95  '6663 

97 

681-8791 

5 

6-5067 

36 

44*1577 

67 

204*5586 

98 

707-1271 

6 

6-9718 

37 

46-6477 

68 

213-7895 

99 

733-1602 

7 

7-4660 

38 

49-2950 

69 

223-3691 

100 

760-0000 

8 

7-9909 

39 

51-9965 

70 

233-3079 

101 

787*6678 

9 

8-5484 

40 

54-8651 

7i 

243*6163 

10 

9-1398 

4i 

57-8700 

72 

254-3048 

ii 

9-7671 

42 

6i'oi67 

73 

265-3849 

JO4 
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TABLE  VII. 

For  the  Conversion  of  the  Degrees  (T')  of  a  Mercurial  Thermo- 
meter into  the  corresponding  values  (T")  of  a  Hydrogen 
Thermometer. 


T' 

TV/ 

T' 

T,/ 

T' 

T" 

T' 

TV/ 

—  10°  '07 

—  10°  "oo 

1  00° 

TOO 

189-65 

190 

280*52 

280 

o'oo 

o'oo 

109-98 

no 

199-70 

200 

290*81 

290 

+  10  '05 

+  10°  '00 

"9'9S 

1  2O 

209-75 

210 

301*08 

300 

20  '08 

20  '00 

129-91 

130 

219*80 

220 

3"'45 

310 

30-10 

30-00 

*39'85 

140 

229-85 

230 

321*80 

320 

40'  1  1 

40*00 

149*80 

ISO 

239-90 

240 

332  '4° 

330 

50*10 

50  '00 

i59'74 

1  60 

250-05 

250 

343  'oo 

340 

60*09 

60  'oo 

169*68 

170 

260*20 

260 

354  'oo 

350 

70-07 

70*00 

179*63 

1  80 

270*38 

270 

80  '05 

80  -oo 

90-03 

90*00 
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TABLE  VIII. 


For  the  Correction  of  Thermometer  Readings. 


t-t' 

n 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

0-14 

0-43 

IO 
20 
30 

O'OI 
O'O2 

0*04 

o'o6 

0*09 

0*09 
0-13 

o'o6 

O'll 

0-17 

o'o7 
0-14 

0'2I 

©'09 
0-17 

0'26 

O'lO 
O'2O 

O'll 
0'22 

0-13 

0'26 

o'39 

40 
50 
60 

0*05 
o'o7 
o'o8 

o'n 
0-14 
0-17 

0-17 

0'2I 
0*25 

0-23 
o-35 

0'28 

o'43 

o'34 
o'43 

o'so 
o'6o 

o'6o 
o'7o 

0-52 
©'64 
0-77 

o'57 
0-71 
o'86 

70 
80 
90 

O'lO 

o'n 

0-13 

0'20 
0'23 
O'26 

0'30 

o'34 
o'39 

o'45 
o'Si 

0*50 
o'57 
0*64 

o'6o 
0-68 
0-77 

0*70 
o'8o 
o'go 

o'8o 
0*91 
i  '03 

o'go 
i  -03 
i'i6 

I'OO 

1-14 
i  '30 

100 

no 

1  20 

0-14 

o'i6 
0-17 

0'28 
0'3I 

o'34 

o'43 
0-47 

o'57 
0*63 
o'69 

0-71 
0-79 
0-86 

0-85 
0-94 
103 

I'OO 
I'lO 
I  '20 

1*26 
i  '37 

i  '29 
1-42 
i  '54 

i  "43 

n 

t-t' 

IIO 

120 

130 

140 

150 

160 

170 

180 

190 

200 

10 

o'i6 

0-I7 

o'I9 

O'2O 

0'2I 

0'22 

0-24 

0*26 

0-27 

0'29 

ao 

0-31 

o'34 

o'37 

0*40 

o'43 

0*46 

0-49 

0*51 

o'54 

o'57 

30 

0-47 

0*56 

o'6o 

0*64 

o'68 

o'73 

0-77 

0'82 

o'86 

40 

0-63 

©'69 

0-74 

o'8o 

o'86 

0*91 

o'97 

i  '03 

1-09 

1-14 

50 

0-79 

o'86 

0^93 

I'OO 

1-07 

1-14 

I  '22 

1-29 

1-36 

i  '43 

60 

0-94 

i  "03 

I  '20 

1-29 

i  '37 

1-46 

i  '54 

i'63 

1-72 

70 

I'lO 

I  '20 

1-30 

I'40 

i'5o 

i  '60 

1-70 

i  -80 

1-90 

2  '00 

80 

'26 

i*37 

i  '49 

I  '60 

1-72 

1*83 

i  '94 

2-05 

2-17 

2'29 

90 

'42 

i  '54 

i'66 

I  '80 

i  '93 

2-05 

2-17 

2-31 

2'45 

2'54 

IOO 

•58 

1-71 

1-84 

2'OO 

2-15 

2-29 

2'43 

2'57 

2-72 

2'86 

no 

'73 

1-89 

2-04 

2"2O 

2-36 

2'67 

2'83 

2  '99 

3'i5 

1  20 

'89 

2  '06 

2-23 

2'40 

274 

2  '92 

3  '09 

3  '43 

io6 
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TABLE  IX. 


Useful  Constants. 


Number. 

Logarithm. 

• 

g,  at  Greenwich.     . 

°8 

Coefficient  of  expansion  of  Hg.  for  i°  C.    . 
Mass  of  i  c.c.  of  Hg.  at  o°  C  

Volume  of  31*92  gm.  of  oxygen  in  litres.     . 
Conventional  molecular  vol.  in  litres.     .     . 

0*0001802 
13  '596  grams. 
22-325 
22-4 

4'2557548 
1-1334112 
1-3487915 
1-3502480 

Coeff.  exp.  air,  at  constant  pressure  .     .     . 
Coeff.  elasticity  of  air  at  constant  volume  . 
One  litre  of  hydrogen  at  o°C  and  760  mm. 

o  '00367 
o  '003665 

3-5646661 
3-5640740 

barometric  pressure  and  at  the  level  of 

the  sea  and  latitude  45°  weighs    .     .     . 

0-08958  grms. 

2'9522III 

Do.  oxygen  

1-4298         „ 

0  1552753 

Do  nitrogen    . 

Do.  air  

1-2932         „ 

O-IIl6o57 
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KEY  TO  CHEMICAL  PROBLEMS. 


METRIC    SYSTEM    OF    WEIGHTS   AND 
MEASURES. 

1.  437  millimetres  :  4*37  centimetres. 

2.  109876542-1  centimetres:   1 0987654-2 1  decimetres  : 
1098765*421  metres. 

3.  70  square  decimetres  :    7,000  square  centimetres  : 
700,000  square  millimetres. 

4.  The  weight   of  a  cubic  centimetre  of  pure  water 
weighed  at  4°  C.  in  the  latitude  of  Paris,  is  styled  a  gram. 
A  litre  denotes  a  volume  equivalent  to  I  cubic  decimetre. 
1,725  grams. 

5.  256,700  centigrams. 

6.  5,000  milligrams. 

7.  78*54  square  centimetres. 

8.  1*60931  kilometres. 

9.  761*985  millimetres. 

10.  567*875  cubic  centimetres. 

11.  ii  3*097  cubic  centimetres. 
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12.  12,732,394  metres 

13.  14/826  millimetres. 

14.  7  pieces  and  0*023  gram  will  remain. 

,  15.  (a)  0-00083  gram,  (&)  0-00148  gram,  (V)  0*00231 
gram,  (d)  0*00333  gram,  (e)  0*00593  gram,  (/)  0*00926 
gram. 

1 6.  376  millimetres. 
17-  8*305  centimetres. 

1 8.  I *4  millimetres.     0*25  gram. 

19.  i-ii  cubic  centimetres. 

20.  50*10  cubic  centimetres. 

21.  —  0*03  C.C.,  +  0*20  C.C.,  -h  0*41  C.C. 


CONVERSION     OF     THERMOMETRIC 
SCALES. 


22.     I5°'5C 

ioo°'o  C. 
i7°7C. 

o°-o    C. 
~26°'38C. 
26o°-o    C. 

-I2C*5    C. 
3ic'87  C. 
-if  -6    C. 

23.  i2°-5    R. 
i2°*44  R 
o°-o    R. 

519°-!  R 
-  32c*o  R. 
I92°'o  R. 

0°'20  R. 
-  I4°*22  R. 

-7°'55R 

'24.  39°'2  F.  —  - 

59°'9  F. 
I4o°'o  F. 

59°-o    F. 
32°'i8  F. 

2I2°'0     F. 

4i3°'6F. 
842°'o  F. 
33°'8  F. 

25.  59°'28  C. 

26.  94°-82  F.,  i73°-i2  F.,  640^4  F. 

27.  -3i°'04  R-,  -37-840  F. ;  285°'8  R.,  675^05  F. 

28.  2822°  F.,  793°'4  F.  633°-2  F.,  455°  F. 

29.  -40°.,  -32°R 
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CORRECTION   OF    THERMOMETER 
READINGS. 

So-  57  '4°. 

31.  (a)    i5o°76  to  I5i°'56,  (6)   I5i°'56  to  I52°*i7, 
(c)  I52c*i7  to  I52°*38,  0)  I52°*38  to  iS2°78. 


32.  i3i°'54to  I3i°'64;  I3i°*64  to  I3i°74- 

33.  2i°78,  58°-!  i,  76°*22,  io70'32,  i270-37. 

CORRECTION  OF  BAROMETER   READINGS. 

34.  752-82  mm.,  754*20  mm.,  755'38  mm->  756>25  mm- 

35.  753-29  mm.,  752-69  mm.,  750-57  mm.,  749-97  mm. 

36.  A.  752-63  mm.  E.  755*49  mm. 

B.  76072  mm.  F.  758*87  mm. 

C.  755*58  mm.  G.  762*30  mm. 

D.  76175  mm. 

CORRECTION  OF  THE  VOLUMES  OF  GASES 
FOR  TEMPERATURE  AND  PRESSURE; 
LAW  OF  PARTIAL  PRESSURES. 

37.  163-992  volumes. 

38.  1*3663  litres. 

39.  13-3746  litres. 

40.  (a)  1585-165  cubic  centimetres,   (b)   1774-725  cubic 
centimetres,   (c)    2049-45   cubic   centimetres,  (d)  3148-35 
cubic  centimetres.     —  91°  C. 

41.  0-002036  for  i°  F.,  0*004581  for  i°  R 

42.  From  760  mm.  to  76777  mm. 

43.  1743*4  cubic  metres. 
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44.  143-5 1 8  c.c. 

45.  3677°  c. 

46.  The  volume  reduced  to  o°  C.  and  760  mm.  of  the 
added  hydrogen  will  be  24*10  c.c. 

The  reading  of  the  upper  level  of  Hg  =  423'!  mm. 

47.  I '68  per  cent. 

48.  I '66  per  cent.,  and  0*85  per  cent. 

49.  4879  c.c. 

50.  24*06  c.c. 


RELATIVE  DENSITY  OF  SOLIDS,  LIQUIDS, 
AND  GASES  ;  VAPOUR  DENSITY. 

51-  6-503. 

52.  19*11. 

53.  Granite  2*72  ;  marble  2*68  ;  haematite  5*07. 

54.  0*8793. 

55.  0*268  mm. 

56.  0*49  mm. 

57.  0*0000219  mm. 

58.  Relative  density  of  alloy  is  8-516. 

Percentage  of  copper  =  74-7. 
„        „      tin  =  25*3. 

59.  3  cubic  centimetres. 

60.  1-58. 

61.  Quartz  2*65  ;  heavy-spar  4*48  ; 
calcite  2*72  ;  iron  pyrites  5*0. 

62.  1*0272. 

63.  A.  1*00585  ;  B.  1*841  ;  C.  1*920;  D.  0792. 
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64.  Sulphuric  acid  1*84  ;  mercury  13*54. 

65.  0-8. 

66.  Metal  27,  liquid  1*19. 

67.  (a)  1*26;  (^0-915;  Mo-87. 

68.  Glycerine  1*26  ;  mercury  13*598. 

69.  0*97176. 

70.  0-06935. 

71.  59*56. 

72.  1-177  ;  16*99. 

73.  (Air  =  i).  1*773;  1712;  r578  ;.i-377  5 

I*32I;    I-270;    1*115;    1*021. 

(H  =  i).  25-59 ;  24-71 ;  22-77 ;  19*87 ; 

19-06;  18-33;  16-10;  1473. 

74.  47-29. 

75.  (i).  0-0792;  1-1205;  1*5292. 
(2).  0-0770;  1-1199;  I*54I4. 

76.  I.  II.  III. 
(A).      7*67                 77i.                         7*69. 
(B).  1107               111-29.                     uro. 

77.  (A).  49*60  ;  (B).  44-70  ;  (C).  36-07  ; 
(D).  34*95  ;  (£)•  35*54. 

78.  50*29.     4-494  grams. 

79.  I.  575  ;  II.  574. 

80.  (Air  =  i).  A.  4-036  ;  B.  2*621  ;  C.  o'6oi2  ;  D.  8-665. 

(H  =  i).  A.  58-26  ;  B.  37*83;  C.  8-678  ;  D.  125-1 

81.  347*96  kilos. 

82.  5177. 

83.  76*33. 

84.  I.  2-21  ;    II.    2-30;    III.    2-20. 

85.  1377  (H-=  i). 
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DENSITY  AND  MOLECULAR  WEIGHT; 
VALENCY,  EQUIVALENTS,  AND  ATOMIC 
WEIGHTS. 

86.  SH2,  34-38  ;  NH3,  17-23  ;  N2O,  43-88  ;  CH4,  16*02  ; 
CHC13,  121-25  ;  SnQ4,  265*6. 

87.  Oxygen 1*4297  gram. 

Chlorine 3-1666       „ 

Iodine n*3355 

Sulphur 2-8648 

Phosphorus  ....  5*546 

Nitrogen 1*255 

Sodium 2*0598 

Arsenic 13*419 

Mercury 8*949 

88.  Carbon  monoxide  .     .  799*3  litres. 
Hydrogen  sulphide    .  657*0 
Marsh  gas    ....  1397*7 

Water 1243-1 

Ethylene 799*  i 

Carbon  oxysulphide  .  372*6 

Bromine I39'9 

Hydrochloric  acid.     .  613*8 

89.  PbCl2,  277*13  gm  ;  Si  F4,  104*24  gm  ; 
Fe  C13,  161-99  „  ;  CH3Br,  94-73   „     . 

90.  CO,  0-967  ;  CS2,  2-630  ;  SO3,  2766  ;  BF3,  2-358  ; 

PF5,  4*373- 

91.  O,  15-96 ;  Ag,  107-66 ;  Cl,  35*37  ;  Sb,  119-58  ; 
Cu,  63-18. 

92.  The  most  probable  value  for  the  atomic  weight  of 
oxygen  is  15*96,  for  this  number  represents  the  smallest 
quantity  by  weight  of  oxygen  occurring  in  the  molecular 
weight  of  any  of  the  given  compounds. 

93.  The  approximate  molecular  weights,  calculated  from 
the  relative  density  in  each  case,  are  : — 16*0  ;  141*0  ;  121*3  ; 
27*96  ;  76*4, — hence  the  parts  given  in  the  third  column 
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refer  to  parts  by  weight  per  molecule  and  therefore  the 
atomic  weight  of  carbon  is  1 1  '97. 

94.  Cd,  1137  ;  P,  125*6  ;  Hg,  201-5. 

95.  Atomic  weight  of  phosphorus  30*96.     From  mole- 
cular weight  found  above,  molecule  is  P4. 


DEDUCTION  OF  EMPIRICAL  FORMULA 
FROM  PERCENTAGE  COMPOSITION, 
FORMULA  OF  MINERALS. 

96.  H2O2.     97.  NO2.     98.  Fe2O3.     99.  COS. 

loo.  KHSO4.     101.  MgSO4  +  7H2O. 

102.  ZnSO4  +  7H2O.     103.  Ca3P2O8.     104.  Na3AlF6 

105.  KNO2.        106.  A12  (SO4)3. 

107.  CuCO3  +  Cu  H2O2.  108.  NiSO42NH3. 

109.  CnH2n.   1 10.  C2H2.  in.  C2H6SO4.  112.  C10H14N2. 

113.  (C21H22N202)2H2PtCl6. 

114.  A  comparison  of  the  amount  of  oxygen  contained 
in  the  various  bases  with  that  contained  in  the  acid,  shows 
that  the  two  quantities  are  in  the  ratio  of  I  :  2,  in  con- 
formity with  the  formula  MOCO2  thus — 

Containing  oxygen.     Ratio. 
CaO     ....     28-4  8*1 1] 

MgO   ....     12-3  4-92 1    6 

FeO     ....     12-3  273(  i 

MnO    ....       i -9  0-43] 

CO2     ....     44*4  32-3  2 

99'3 

115.  2(MgO  Si02)  +  3H20. 

116.  Co3As2O8  +  8H2O. 

117.  Na2O  A12O3  6SiO2. 

118.  3CaO,  Na2O,  4A12O3,  i2SiO2. 
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TO  CALCULATE  THE  PERCENTAGE  COM- 
POSITION OF  A  COMPOUND  FROM  ITS 
FORMULA. 


119. 

120. 

Hydrogen  . 
Oxygen  .     . 

Potassium  . 
Chlorine     . 
Oxygen. 

.     11*14 

.     88-86 

125.  Calcium 
Carbon  . 
Oxygen  . 

126.  Silver     . 
Chlorine. 

.     .    40*00 

.      .       I2'OI 

.     .     47'99 

100*00 

1  00*00 

.     31*92 
.     28-93 
•     39*15 

.     .     75-27 
•     •     24-73 

T  r\f\'nr\ 

121. 
122. 

Mercury. 
Oxygen  .     . 

Potassium  . 
Nitrogen    . 
Oxygen. 

1UVJ  UU 

127.  Magnesium 
Phosphorus 
Oxygen  .     . 

128.  Potassium  . 
Platinum    . 
Chlorine     . 

.     21*61 
•     27*95 
•     50*44 

.   92-57 
.    7-43 

100*00 

lOO'OO 

•       38'67 
.       I3-88 

•     47*45 

.     16*11 
.     40*10 
•    43*79 

100*00 


100*00 


123.  Sodium  .     . 
Nitrogen    . 
Oxygen  .     . 

124.  Barium  .     . 
Sulphur  .     . 
Oxygen  .  '   . 

.     27*09 
.     16*50 
.     56*41 

129.  Sodium  .     . 
Sulphur  .     . 
Oxygen  .     . 
Water    .     . 

Or  —  Sodium  .     . 
Sulphur  .     . 
Hydrogen  . 
Oxygen  .     . 

.     18*57 

•     25-83 
•     19*33 
.     36-27 

lOO'OO 

100*00 

.   58*82 

•   13*74 

.   27*44 

.  18-57 

.  25*83 
.     4*04 
.  51*56 

100*00 
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I25 


130.  Iron  .     . 
Oxygen  . 


131.  Manganese. 
Oxygen  .     . 


72*42  136.  Lithia     . 

27*58  Alumina. 

. —  Silica.     . 

100*00 


100*00 


6*44 
29*21 


IOO*OO 

72*03      137.  Lime.     .     .     .     44*42 
27*97  Silicon  dioxide    23*82 

Titanium  „          31*76 


100*00 


132.  Copper  . 
Iron  .  . 
Sulphur . 


133.  Silver  . 
Copper  . 
Sulphur . 


34^2 


34'95 


100*00 


53*07 
3I-I5 
15*88 

100*00 


138.  Lead.    .    .  .  76*34 

Phosphorus  .  6*87 

Chlorine.     .  .  2*62 

Oxygen .     .  .  14*17 


139.  Carbon  .  . 
Hydrogen  . 
Oxygen. 


100*00 

52*16 

13*07 
34-77 

100*00 


134.  Lime  (CaO)  .  9*20 
Alumina  (A12O3)  16*79 
Silica  (SiO2)  .  59*21 
Water  .  .  .  14*80 


100*00 


140.  Carbon  .  . 
Hydrogen  . 
Oxygen  .  . 


42*10 

6*45 

51-45 

100*00 


135.  Lime.  . 
Alumina. 
Silica.  . 


43*49 
17*64 

38-87 
100*00 


141.  Carbon  .     . 
Hydrogen  . 


90*54 
9*46 

100*00 
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142.  Carbon  . 
Hydrogen 


143.  Silicon  .  . 
Carbon  .  . 
Hydrogen  . 


89*53 
10-47 

lOO'OO 


146.  Carbon  . 
Hydrogen 
Nitrogen 
Oxygen  . 
Water    . 


19-48       147.  Carbon  . 
66 '6 1  Hydrogen 

13*91  Nitrogen 

Oxygen  . 


32*18 
6*05 
28-25 
21-45 
12*07 

lOO'OO 


13-20 
5-01 


lOO'OO 


144.  Carbon  .     .  .  21*02  148.  Carbon  .     .     .  75*41 
Hydrogen  .  .  2*63  Hydrogen  .     .  6*60 
Potassium  .  .  34*26  Nitrogen     .     .  8-42 
Oxygen .     .  .  14*01  Oxygen ...  9-57 
Sulphur.     .  .  28-08 

lOO'OO 
1 00 -00 

145.  Potassium  .     .  42*44 
Iron  ....  15*19 
Carbon  .     .     .  19*52 
Nitrogen    .     .  22*85 


100*00 
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CALCULATIONS  OF  THE  AMOUNT  OF  MA- 
TERIAL REQUIRED  TO  PRODUCE  A 
GIVEN  WEIGHT  OF  ANY  SUBSTANCE, 
OR  OF  THE  QUANTITY  OF  THE  SUB- 
STANCE PRODUCED  BY  THE  DECOM- 
POSITION OF  A  KNOWN  WEIGHT  OF 
MATERIAL. 

149.  2-554.  Ibs. 

150.  (a)  27*038  kilos.,  (b)  5-1088  kilos.,  (c)  16*307  kilos., 

(d)  12*208  kilos. 

151-  33*275  grams  ;  13*029  grams. 

152.  709*84  grams. 

I53-  4306*0856  kilos,  zinc  ;  6492*3134  kilos.  H2SO4. 

T54-  37o8*8  kilos,  iron  ;  4306*1  kilos,  zinc  ; 
32461*5  kilos,  sulphuric  acid. 

I5S-  177*256  grams. 

156.  12,939*8  c.c.  hydrogen  ;  6469*9  c.c.  oxygen. 

157.  322*216  grams  Fe3O4;  132*029  litres  of  hydrogen. 

158.  0*91048  Ibs.  copper  ;  0*1784  Ibs.  phosphorus. 

1 59.  6*096  grams  ammonia  ;  9*506  grams  chlorine. 

160.  140*1  kilos.  KNO3;  117*8  kilos.  NaNO3. 

161.  10*116  Ibs.  nitre  ;  9*805  Ibs.  sulphuric  acid. 

162.  9*08  litres. 

163.  4*246  grams. 

164.  5*477  kilos,  lime  ;  10*446  kilos,  sal-ammoniac. 

165.  183*03  kilos,  of  coal. 
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1  66.  Assuming  air  to  contain  23  per  cent,  by  weight  of 
oxygen,  1  1  "94  tons. 

167.  42*36  grams  marble  ;    140*42  grams  hydrochloric 
acid  solution. 

1  68.  146*215  tons  carbon;  3275  cubic  feet. 

169.  (i)  130*53  litres  ;  (2)  130*53  litres. 

170.  40*223  grams  oxalic   acid  ;  20*559  grams  formic 
acid  ;  27*444  grams  potassium  ferrocyanide. 

171.  36*67  grams  sodium  acetate. 

172.  707*333  kilograms. 

173.  76*395  kilos,  air  ;  10*73  kilos,  water  ; 
12*353  kilos  carbon  dioxide. 

174.  106*99  grams   silver  chloride  ;  the  solution  will 
contain  17*79  per  cent,  of  hydrocyanic  acid. 

175.  43*647  grams. 

176.  16*501  tons   of  salt;   20*778  tons  of  manganese 
dioxide  ;  47*683  tons  of  sulphuric  acid. 

177.  51*294  tons  of  hydrochloric  acid  ; 
2,558,701  litres  will  escape. 

178.  1*7355  grams  precipitated  ;  1*907  grams  in  solution. 

179.  192*33  tons  of  {Ca(OCl)(OH)]2,  CaCl2. 

1  80.  According  to  the  equation 

3C12  +  6KOH  =  KC1O3  +  5KC1  +  3H2O, 
28*201  tons  of  KC1O3. 

181.  i8no  grams. 

182.  72*135  grams  iodine  ;  100*815  grams  chlorine. 

183.  8*49  grams  copper  ;  26*29  grams  sulphuric  acid. 

1  84.  54*487  tons  of  pyrites  ;  if  3  per  cent,  of  the  the- 
retical yield  of  sulphur  remained 
the  dilute  acid  would  be  produced. 


oretical  yield  of  sulphur  remained  unburnt,  97  tons  of 
ld 
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185.  224*28  litres. 

1 86.  3*935  grams  ferrous  sulphide  ;  9*325  grams  air. 

187.  1*802  litres. 

1 88.  2*0488  grams  microcosmic  salt. 

189.  82*19  tons   of    sulphur;    68   tons   of  salt   cake; 
107742    tons    of    bicarbonate ;    183*398    tons    of    soda 
crystals  ;  56*87  tons  of  solid  caustic. 

190.  17*474  tons  of  limestone. 

191.  138*14  grams  Fe3O4  ;  289*889  grams  Fe2Cl0, 


COMBINATION    AND   DECOMPOSITION   OF 
GASEOUS  BODIES. 

192.  20  litres   of  hydrochloric  acid  gas  ;    10  litres  of 
hydrogen  remain  in  excess. 

193.  I  cubic  foot  of  hydrobromic  acid  gas. 

194.  50  vols.  of  chlorine  ;  25  vols.  of  oxygen. 

195.  154*97  c.c. 

196.  3  litres  of  oxygen. 

197.  iio*34c.c. 

198.  500  c.c.  nitrogen  ;  1500  c.c.  hydrogen. 

199.  V.  1*25.  n  vols.  oxygen  ;  V.n  vols.  carbon  dioxide. 

200.  (i)  95*42  litres  ;  (2)  143*13  litres  ;  (3)  119-27  litres, 

201.  5  litres  phosgene  gas  ;    5  litres   carbon  dioxide, 
weighing  9*8296  grams,  and  10  litres  hydrochloric  acid 
gas,  weighing  16*2903  grams. 

202.  i   litre,    on    the  assumption   that   its   density   is 
normal. 
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GAS  ANALYSIS  CALCULATIONS. 

203.  N,  79*060  per  cent. ;  O,  20*940  per  cent. 

204.  N,  83*37  per  cent. ;  O,  13*80  per  cent.  ;  CO2,  2*83 
per  cent. 

205.  3*48  per  cent,  of  aqueous  vapour. 

206.  26*46   vols.   of  oxygen  unite  with   52*71  vols.   of 
hydrogen. 

207.  C  (hypothetical  vapour  volume),  1*025  ;  H,  3*129  ; 
O,  0*484. 

The  empirical  formula  of  methyl  ether  is  C2H6O. 

208.  N2O. 

209.  N,  81*81  per  cent. ;  O,  14*21  per  cent.  ; 
CO2,  2*44  per  cent. ;  SO2,  1*54  per  cent.  ; 
H,  45*07  per  cent. ;  SH2,  24*25  per  cent. 

210.  CO2,  29-96  per  cent. ;  N,  0*72  per  cent.  ; 

CO  &  CH4,  none. 

211.  The  percentages  of  N  are  : — A,  7*39  ;  B,  16*28  ; 
C,  i6'i6  ;  D,  15*00  ;  £",  13*99  5  F,  4'4& 

The  volumes  of  gases  obtained,  reduced  to  o°  C. 
&  760  mm.  are  : — 


i 

A. 

B. 

C. 

D. 

E. 

F. 

N. 

7*21  c.c. 

10-34  c.c. 

io'c>7  c.c. 

9-96  c.c. 

9  '66  c.c. 

4-48  c.c. 

NO. 

0'47  » 

o'9i     ,, 

1-16     „ 

o'SS    „ 

0'25       „ 

o'°3     j> 

212.  Total  oxygen  added  =  239*3,  °f  which  236*98  is 
used.  Carbon  dioxide  formed  =  118*8  =  oxygen 
used  in  burning  C.  Hence  O  used  to  burn 
H  =  118*18. 

•  * .  Vol.  of  H  would  be  236*36  and  hypothetical  vol.  of 

C.  '-£!  -  59-4- 

Hence  composition  of  marsh  gas  is  represented  by 
CH4. 
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21 3-  °*53  Per  cent,  by  volume. 

214.  0*47  per  cent,  by  volume. 

215.  The  percentage   composition   of  this   sample  of 
coal-gas  is  : — 

CO2.          1-41  ;  CO.  6-15; 
C2H4  &c.  3-84  ;  H.  4773  ; 
C6HC.        1-04;  CH4.  35'63; 
O.  0*30  ;  N.  3*90. 

216.  3  vols.  ethylene  ;  1*98  vols.  butylene.     Equal  in 
illuminating  power  to   a  gas   containing  6*96  per  cent, 
of  ethylene. 


ATOMIC  WEIGHT  DETERMINATIONS. 


217.  1-00108. 

218.  From  synthesis  of  silver  nitrate  13*967 
By     precipitation      with      potassium 

chloride  14*026 

By      precipitation    with     ammonium 
chloride  13*945 

219-  35'356. 

220.  39*°33- 

221.  199*6. 

222.  (i)  12*014,  (2)  12*014,  (3)  12*030.    Mean 

223.  27*029. 

224.  27*028. 

225.  27*012. 

226.  48*06  ;  48*07  ;  47*98  ;  48*04  ;  48*04. 

227.  196*88;  196*90;  196*86:   196-85; 
196*89  ;  196*86  ;  196*85  ;  196*89. 

228.  28*347  ;  28*303  ;  28-347  ;  28*352  ;  28*243. 

229.  52*061. 

230.  65*506. 


Mean 
13*979 


12*019. 


K  2 
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INDIRECT  ANALYSIS. 

231-  33*51- 
232.  93-03. 

233-  39*98. 

234.  11*61. 

235.  25-51. 

236.  58-035  grams. 

237.  K,  13-75  per  cent. ;  Na,  8*25  per  cent. 

238.  0*6281  gram  NaCl ;  and  0*3049  gram  Na  I. 

GENERAL  ANALYTICAL  QUESTIONS. 

239.  (a)  0*1998  gram  of  the  salt  gave  0*4865  gram  silver 

chloride,  and  0*0032  reduced  silver. 

0*0032  gm.  Ag  =  0*00425  Ag  Cl  ; 
0*4865  +   0*00425  =  0*49075  gm.  Ag  Cl ; 

0-49075  X  3 5 '37  X  ioo 

-  =  60-74  per  cent,  chlorine. 
143-03  X  0-1998 

(b)    0*9543  gram  of  the   salt  gave   1*1584  gram 
sodium  sulphate. 

1-1584  X  45-99  M 

I4r8l 

0-37568  X  ioo 

and —  =  39*36  per  cent,  sodium. 

°'9543 

— ™  =17;  =  1 7  ;  hence  the  chlorine  and  sodium 

35'37  23 

in  the  compound  are  in  the  ratio  of  atom  to  atom,  and  the 

formula  of  the  salt  is  Na  Cl. 
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240.  0*3951   gram  of  substance  gave  0*6544  gram  of 
NH4MgAsO4,   H2O   =  0-3781   gram  As?O6 :   hence  the 
substance  contained  9570  per  cent,  arsenic  anhydride. 

241.  The  percentage  results  of  the  analysis  are  : — 

Silica 40*35 

Ferric  oxide 36*43 

Water 20*62 

Lime 2*68 


100*08 

Neglecting  the  lime  as  an  unessential  constituent,  the 
percentage  composition  of  the  mineral  becomes  : — 

Silica 41*46 

Ferric  oxide  .     .    ...    .     .     37*43 

Water 21*19 

100*08 


The  simplest  ratios  of  the  oxygen  contained  in  each  of 
the  constituents  is  6  :  3  :  5.  Hence  the  formula  of  the 
compound  is  3  SiO2,  F2O3,  5  H2O. 

242.  164*1  grams  of  K2Pt  C16  are  equivalent  to  50*39 
grams  of  potassium  chloride.  Hence  the  composition  of 
the  mixture  is  : — 

Potassium  chloride 50*39 

Sodium  chloride 49 *6 1 


100*00 


243.  0*2476  gram  T12  Pt  C1R  =  0*1239  grams  thallium,  or 
67*67  per  cent.     Its  composition  is  therefore  : — 

Tl 67*67 

cio4 32-33 


100*00 
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6767  32*33 

2037  ~   °  332'     99^1 
Hence  the  formula  is  Tl  Cl  O4. 

244.  Centesimal  hydrochloric  acid  corresponds  to  1*0766 
grams  of  Ag  per  litre,  hence  Ag  used  =  7*383  -  0*0032298 

j  7'37977  X  35'37  X  ioo 
grams  =  7*37977  grams ;  and Ior66  x  3-949 

61*40  per  cent,  chlorine. 

245.  2  BaSO4  =  O.     AgBr  =  Br. 

0*402  gram  BaSO4  =  0*01378  O. 
0*324  gram  Ag  Br  =  0*1372  Br. 

0*01378  0*1372 

—7-  =  0-00086. ,-  =  0*00172. 

15*96  7970 

Hence  the  formula  is  Br2  O. 

246.  KC1O4    =    HC1O4.       1*6785     KC1O4    =    1*2167 
HC1O4  or  99*85  per  cent.  HC1O4. 

0*966  gm.  lost  0*444  gm-  O,  or  45*97  per  cent. :  KC1O4 
ought  to  lose  46*18  per  cent. 

0*966  —  0*444  =  0*522  KC1  ;  this  required  0*744  gram 
of  silver  for  precipitation  :  theory  requires  0*7523  gram. 

247.  Na  H  CO3  +  CH3  .  COOH   =    CH3  .  COONa  + 
CO2  -f  H2  O  or  43*89  parts   of  CO2  =   59*86   parts   of 
CH3  .  COOH.     Then  0*427  CO2  =  0*5823  CH3  .  COOH, 

,  0*5823  X  ioo 
and — g- =  39*26  per  cent. 

248.  NaOH   =   HCOOH.      Then    1*01558   NaOH   - 

1*1664  X  ioo 
1-1664  HCOOH  and — — =  54*967  per  cent. 

249.  2*921  vols.  CO2,  in  10,000  vols.  of  air. 
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250.  Sodium  chloride     .     .     .     .     .  26*402. 

Potassium  chloride     .     .          .  07459. 

Magnesium  chloride  ....  3*0368. 

Magnesium  bromide  ....  0*0705. 

Magnesium  sulphate  ....  2*0648. 

Calcium  sulphate 1  '2896. 

Calcium  carbonate      .   $    *k,»  0*0475. 

Ammonium  chloride  .     .     ;     .  0*00035. 

Magnesium  nitrate     .     o'-«     •  0*00185. 
Ferrous  carbonate .     .     .     .     «„  0*00674. 

MgO  unaccounted  for     .     .  '  .  0*02904, 

251.  22*53  candle  power. 

252.  (i)  C6  H4  Br  C2H6  +  Na2  +  CO2 

=  C6  H4  C2  H5  COO  Na  +  NaBr. 

(2)  C6  H4  C2  H5  COO  Na  +  HC1 

=  C6-H4  C2  H5  COOH  +  NaCL 

and  the  acid  gave  on  treating  with  baryta  water  the 
barium  compound,  of  which  0*5637  gram  lost  0*0430  gram 
water,  or  7*63  per  cent. ;  and  gave  0*2733  gram  barium 
sulphate,  or  28*517  per  cent.  Ba.  Hence  the  composition 
of  the  salt  is  : — 

C9H9O2  .  .:•-.)..  .  63-85 
Ba.  /  .  .  ..-.  .  28*52 
H20 .  7-63 


100*00 


63*85  28*52  7-63 

'  '       '  17*96 


Hence  formula  is  Ba  (C9  H9  O2)2,  2  H2  O. 

253.  i'994  per  cent,  nitrogen. 

254.  The  composition  of  the  body,  as  determined  by 
experiment,  is  :  — 

Carbon   ......     36*43 

Hydrogen   .....       7-91 

Chlorine  ......     55'66 
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The  simplest  relation  between  these  numbers  is  repre- 
sented by  C2  H5  Cl,  which  formula  requires  : — 

Carbon 37*22 

Hydrogen 777 

Chlorine 55*01 

The  vapour  density  found  is  32*44,  calculated  32*15. 

255.  NaCl.  66*39  Per  cent- 
KCI.  33*61  per  cent. 

256.  NaCl.  60*3  per  cent. 
NaBr.  397  per  cent. 


SOLUTION  OF  GASES. 

257.  20  c.c. ;  14*96  c.c.  ;  7*82  c.c. ;  0*286  c.c. 

258.  The  volume  is  the  same  in  each  case,   15*90  c.c. 
The  weights  are  respectively  :  — 

0*025124  gram  ;  0*018792  gram  ; 

0*0098237  gram  ;  0*0003593  gram. 

259.  (A)  (S)  (O 

(a)  6*664  c.c.  ;  6*553  c.c. ;  6*454  c.c. 

(b)  6*344  c.c.  ;  6*291  c.c. ;  5*832  c.c, 

260.  1*4584;  1*2607;  1*0385; 
0*9610  ;  0*9134  ;  0*8852. 

261.  0*06910  ;  0*06853  ;  0*06769  ;  0*06732  ;  0*06669. 
Water:  0*02134;  0*02099;  0*01956;  O'oi9i2 ; 

0*01839. 

262.  0*032874  -  0*00081632  /  +  0*000016421  t-. 

263.  39*36  per  cent.  O.  and  60*64  Per  cent.  N. 

264.  By  volume  :  —44*7  per  cent.  CO2 ; 

55*3  per  cent.  N. 

265.  92*07  per  cent.  H.  ; 

7*93  per  cent.  CO2. 
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MOLECULAR     WEIGHT     AND     LOWERING 
OF  THE  FREEZING-POINT. 

266.  I5'34°C. 

267.  73-44. 

268.  0-5256°. 

269.  i  '69  per  cent. 

270.  2-867°;  2-488°;  1-482°. 

271.  (i)  72-58  ;  (2)  73-50;  (3)  71-97  ;  (4)  73-60. 

272.  (a)  111-87  ;  (b)  for  Na,  14-49  5  W  for  Sn,  73*93- 

273.  MgS04,  7  H20. 

O"O2.    (28O"Q)2 

274.  L  -  —^rf-  =  13-38. 

18-5  277  38-6 

275-  ~fy   =  29  5  -^J  =  44  ;  -^    =  61 ;   the  numbers 

here  obtained  according  to  Raoult  should  represent  the 
molecular  weight  of  the  solvent  in  each  case  ;  in  the  cases 
of  formic  and  acetic  acids  this  holds  very  nearly  but  in 
the  case  of  water  29  bears  no  simple  relation  to  18  the 
molecular  weight  of  water  in  the  gaseous  state,  the  con- 
clusion may  therefore  be  drawn  that  the  molecule  of  water 
in  the  liquid  state  is  more  complex  than  the  molecules  of 
formic  and  acetic  acids  under  similar  conditions. 

276.  From  (a)  the  molecular  weight  deduced  is  65*80, 
from  (b)  65-99  >  f°r  N2  O4  molecular  weight  is  92,  for  NO2 
it  is  46  ;  hence  it  is  probable  that  at  the  temperature  of  the 
experiment  nitrogen  tetroxide  consists  of  a  mixture  of  N2O4 
and  NO2. 

277.  (a)  196-2  ;  (b)  196-5. 
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SPECIFIC   HEAT,    LATENT   HEAT,    AND 
ATOMIC  HEAT. 

279.  1 8°  C.  280.  0*0327.         281.  0-03308. 

282.  0*0335.  283.  0*208.  284.  3°*o8. 

285.  893°  C.  286.  0*1137.         287.  774*6  for  i°F. 

288.  33681  metres.  289.  Sp.  Ht.  of  Indium  is 

0*0574. 

290.  (A)  0*0559  ;  (B)  0*0935  ;  (C)  0*0495  ; 
(D)  0*0548  ;  (E)  0*1712. 

291.  28*4°  C.  292.  7*284  kilos,  per  hour. 
293-  537*2. 

294.  Pb  6*48  ;  Ag  6-13  ;  Cu  6*01  ; 
Fe  6*36  ;  S  6-48  ;  P  5*84. 

295.  Approximate  atomic  weights  : — Ag,  112*3  ; 
Zn,  66*98  ;  Bi,  207*5  J  Sn,  113*8 ;  Fe,  56*23. 
Exact  atomic  weights  : — Ag,  107*66. 

Zn  64*88  ;  Bi,  207*5  '  Sn,  117*35  '  Fe,  55*88. 

296.  5*67  =  atomic  heat  of  solid  chlorine. 

2*98  and  3*06  are  the  atomic  heats  for  O  calcu- 
lated from  the  respective  oxides. 

297-  3'8. 

298.  2. 

299.  Ca  5-6  ;  Sr,  6*3  ;  Ba  6*4. 
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HEAT   OF  SOLUTION   AND  COMBINATION. 

300.  34*462  kilos. 

301.  5747°  C. 

302.  0*148  kilos. 

303.  (i)  ethylene  2714-5°  ;  (2)  methane  2381*3°. 

304.  2677-6°. 

305.  7,614  thermal  units. 

306.  8095-6. 

307.  3386-4  metres. 

308.  192,700  -f . 

309.  20,200  +. 

310.  28,400  -. 

311.  18,500  - . 

312.  13,080  -. 

313.  (a)  55,ioo  +  ;  45,200  - 

314.  5,590  -. 

315.  21,150+- 

316.  It  may  be  concluded  that  H3  PO3  is  a  dibasic  acid, 
for  the  addition  of  sodic  hydrate  beyond  two  equivalents 
causes  but  a  very  slight  liberation  of  heat,  and  from  nothing 
to  two  equivalents  the  heat  evolved  is  considerable  and 
proportional  (or  nearly  so)  to  the  amount  of  sodic  hydrate 
added. 

THE  END. 


RICHARD  CLAY  AND  SONS,  LIMITED, 
LONDON  AND  BUNGAY. 
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STONE.     Illustrated.      Fcap.  8vo.     3*.  6d. 

HEAT.  By  P.  G.  TAIT,  Professor  of  Natural  Philosophy  in 
the  University  of  Edinburgh.  Crown  8vo  6s. 

SOUND  AND  MUSIC.  An  Elementary  Treatise  on  the 
Physical  Constitution  of  Musical  Sounds  and  Harmony,  including  the 
Chief  Acoustical  Discoveries  of  Professor  Helmholtz.  By  SKDLEY 
TAYLOH,  M.A.  Illustrated.  2nd  Edition.  Extra  Crown  Svo.  8s.  6<i. 

ELEMENTARY  LESSONS  IN  ELECTRICITY  AND 
MAGNETISM.  By  SILVANUS  P.  THOMPSON,  Principal  and  Professor 
of  Physics  in  the  Technical  College,  Finsbury.  Illustrated.  New 
Edition,  revised.  Fcap.  Svo.  4s.  6d. 

A  COLLECTION  OF  EXAMPLES  ON  HEAT  AND 
ELECTRICITY.  By  H.  H.  TURNER,  Fellow  of  Trinity  College,  Cam- 
bridge. Crown  Svo.  2s.  6d. 

LIGHT  :  A  Course  of  Experimental  Optics,  Chiefly  with  the 
Lantern.  By  LEWIS  WRIGHT.  Illustrated.  Crown  Svo.  7s.  6d. 
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CLASSICS. 

Elementary  Classics ;  Classical  Series ;  Classical  Library,  (1)  Texts,  (2)  Trans- 
lations; Grammar,  Composition,  and  Philology;  Antiquities,  Ancient 
History,  and  Philosophy. 

ELEMENTARY    CLASSICS. 

18mo,  Eighteenpence  each. 
The  following  contain  Introductions,  Notes,  and  Vocabularies,  and 
in  some  cases  Exercises. 

ACCIDENCE,  LATIN,  AND  EXERCISES  ARRANGED  FOR  BEGINNERS.— By 

W.  WELCH,  M.A.,  and  C.  G.  DUFFIELD,  M.A. 

AESCHYLUS.— PROMETHEUS  VINCTUS.    By  Rev.  H.  M.  STEPHENSON,  M.A. 
ARRIAN.— SELECTIONS.    With  Exercises.    By  Rev.  JOHN  BOND,  M.A.,  and 

Rev.  A.  S.  WALPOLE,  M.A. 
AULUS  GELLIUS,  STORIES  FROM.— Adapted  for  Beginners.    With  Exercises. 

By  Rev.  G.  H.  NALL,  M.A.,  Assistant  Master  at  Westminster. 

CJESAR.— THE   HELVETIAN  WAR.    Being  Selections  from  Book  I.  of  The 

Gallic  War.    Adapted  for  Beginners.    With  Exercises.     By  W.  WELCH,  M.A. 

and  C.  G.  DUFFIELD,  M.A. 

THE  INVASION  OP  BRITAIN.    Being  Selections  from  Books  IV.  and  V.  of  The 

Gallic  War.    Adapted  for  Beginners.    With  Exercises.    By  W.  WELCH,  M.A. 

and  C.  G.  DUFFIELD,  M.A. 

THE  GALLIC  WAR.     BOOK  I.     By  Rev.  A.  S.  WALPOLE,  MA. 
BOOKS  II.  AND  III.     By  the  Rev.  W.  G.  RUTHERFORD,  M.A.,  LL.D. 
BOOK  IV.    By  CLEMENT  BRYANS,  M.A.,  Assistant  Master  at  Dulwich  College. 
BOOK  V.     By  C.  COLBECK,  M.A.,  Assistant  Master  at  Harrow. 
BOOK  VI.    By  the  same  Editor. 

SCENES  FROM  BOOKS  V.  AND  VI.    By  the  same  Editor. 
BOOK  VII.     By  Rev.  J.  BOND,  M.A.,  and  Rev.  A.  S.  WALPOLE,  M.A. 
<JICERO.— DE  SENECTUTE.    By  E.  S.  SHUCKBURGH,  M.A. 
DE  AMICITIA.     By  the  same  Editor. 
STORIES  OF  ROMAN  HISTORY.    Adapted  for  Beginners.    With  Exercises. 

By  Rev.  G.  E.  JEANS,  M.A.,  and  A.  V.  JONES,  M  A. 
EURIPIDES.—  ALCESTIS.    By  M.  A.  BAYFIELD,  M.A. 

MEDEA.    By  the  same  Editor.  [In  the  Press. 

HECUBA.    By  Rev.  J.  BOND,  M.A.,  and  Rev.  A.  S.  WALPOLE,  M.A. 
EUTROPIUS.— Adapted  for  Beginners.    With  Exercises.    By  W.  WELCH,  M.A., 

and  C.  G.  DUFFIELD,  M.A. 

HOMER.— ILIAD.   BOOK  I.   By  Rev.  J.  BOND,  M.  A.,  and  Rev.  A.S.  WALPOLE,  M.A. 
BOOK  XVIII.    By  S.  R.  JAMES,  M.A.,  Assistant-Master  at  Eton. 
ODYSSEY.     BOOK  I.     By  Rev.  J.  BOND,  M.A.,  and  Rev.  A.  S.  WALPOLE,  M.A. 
HORACE.— ODES.     BOOKS  I.  —IV.    By  T.  E.  PAGE,  M.A.,  Assistant  Master 
at  the  Charterhouse.    Each  Is.  6d. 
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£JVY.— BOOK  I.    By  H.  M.  STEPHENSON,  M.A. 

BOOK  XXI.    Adapted  from  Mr.  Capes's  Edition.    By  J.  E.  MELHUISH,  M.A. 
BOOK  XXII.    By  the  same.  [Shortly. 

THE  HANNIBALIAN  WAR.    Being  part  of  the  XXI.  and  XXII.  BOOKS  OF 

LIVY  adapted  for  Beginners.     By  G.  C.  MACAULAY,  M.A. 

THE  SIEGE  OF  SYRACUSE.     Being  part  of  the  XXIV.  and  XXV.  BOOKS  OF 
LIVY,  adapted  for  Beginners.    With  Exercises.    By  G.  RICHARDS,  M.A.,  and 
Rev.  A.  S.  WALPOLE,  M.A. 
LEGENDS  OF  ANCIENT  ROME.    Adapted  for  Beginners.    With  Exercises. 

By  H.  WILKINSON,  M.A. 
LUCIAN.— EXTRACTS  FROM  LUCIAN.  With  Exercises.  By  Rev.  J.  BOND,  M.A., 

and  Rev.  A.  S.  WALPOLE,  M.A. 
NEPOS.— SELECTIONS  ILLUSTRATIVE  OF  GREEK  AND  ROMAN  HISTORY. 

With  Exercises.    By  G.  S.  FARNELL,  M.A. 
OVID.— SELECTIONS.    By  E.  S.  SHUCKBURGH,  M.A. 
EASY  SELECTIONS  FROM  OVID  IN  ELEGIAC  VERSE.    With  Exercises.   By 

H.  WILKINSON,  M.A. 
STORIES  FROM  THE  METAMORPHOSES.   With  Exercises.   By  Rev.  J.  BOND, 

M.A.,  and  Rev.  A.  S.  WALPOLE,  M.A. 
PH^EDRUS  — SELECT  FABLES.      Adapted    for    Beginners.      With    Exercises. 

By  Rev.  A.  S.  WALPOLE,  M.A. 
THUCYDIDES.-THE  RISE  OF  THE  ATHENIAN  EMPIRE.     BOOK  I.     Chs. 

89-117  and  228-238.     With  Exercises.     By  F.  H.  COLSON,  M.A. 
VIRGIL.—  SELECTIONS.     By  E.  S.  SHUCKBURGH,  M.A. 
GEORGICS.    BOOK  I.    By  T.  E.  PAGE,  M.A. 
BOOK  II.    By  Rev.  J.  H.  SKRINE,  M.A. 
^INEID.     BOOK  I.    By  Rev.  A.  S.  WALPOLE,  M.A. 
BOOK  II.    By  T.  E.  PAGE,  M.A. 
BOOK  III.    By  T.  E.  PAGE,  M.A. 
BOOK  IV.    By  Rev.  H.  M.  STEPHENSON,  M.A. 
BOOK  V.    By  Rev.  A.  CALVERT,  M.A. 
BOOK  VI.    By  T.  E.  PAGE,  M.A. 
BOOK  VII.     By  Rev.  A.  CALVERT,  M.A. 

BOOK  VIII.    By  Rev.  A.  CALVERT,  M.  A,  [In  preparation. 

BOOK  IX.    By  Rev.  H.  M.  STEPHBNSON,  M.A. 

BOOK  X.    By  S.  G.  OWEN,  M.A.  [In  preparation. 

XENOPHON.— ANABASIS.    BOOK  I.     By  Rev.  A.  S.  WALPOLE,  M.A. 
BOOK  I.    With  Exercises.    By  E.  A.  WELLS,  M.A. 
BOOK  II.     By  Rev.  A.  S.  WALPOLE,  M.A. 

BOOK  III.    By  Rev.  G.  H.  NALL.  [In  preparation. 

SELECTIONS  FROM  BOOK  IV.    With  Exercises.    By  Rev.  E.  D.  STONE,  M.A. 
BOOK  IV.    By  the  same  Editor.  ,  [In  preparation. 

SELECTIONS  FROM  THE  CYROP^BDIA.    With  Exercises.    By  A.  H.  COOKE, 
M.A.,  Fellow  and  Lecturer  of  King's  College,  Cambridge.    . 

The  following  contain  Introductions  and  Notes,  but  no  Vocabu- 
lary :— 

CICERO.— SELECT  LETTERS.    By  Rev.  G.  E.  JEANS,  M.A. 
HERODOTUS.— SELECTIONS  FROM  BOOKS  VII.  AND  VIII.     THE  EXPEDI- 
TION OF  XERXES.    By  A.  H.  COOKE,  M.A. 
HORACE.— SELECTIONS  FROM  THE  SATIRES  AND  EPISTLES.     By  Rev.  W 

J.  V.  BAKER,  M.A. 
SELECT  EPODES  AND  ARS  POETICA.    By  H.  A.  DALTON,  M.A.,  Assistant 

Master  at  Winchester. 
PLATO.— EUTHYPHRO  AND  MENEXENUS.     By  C.  E.  GRAVES,  M.  A.,  Classical 

Lecturer  at  St.  John's  College,  Cambridge. 

TERENCE.— SCENES  FROM  THE  ANDRIA.     By  F.  W.  CORNISH,  M.A. ,  Assistant 
Master  at  Eton 
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THE    GREEK    ELEGIAC    POETS.— FROM  CALLINUS    TO    CALLIMACHUS.  I 

Selected  by  Rev.  HERBERT  KYN ASTON,  D.D. 
THUCYDIDES.— BOOK  IV.  CHS.  1-41.    THE  CAPTURE  OF  SPHACTERIA.    By 

C.  E.  GRAVES,  M.A. 

CLASSICAL  SERIES 
FOR  COLLEGES  AND  SCHOOLS. 

Fcap.  8vo. 

JESCHINES.— IN  CTESIPHONTEM.     By  Rev.  T.  GWATKIN,  M.A.,  and  E.  S. 

SHUCKBUROH,  M.A.  [In  the  Press. 

.ffiSCHYLUS.—  PERS.E.     By  A.  0.  PRICKARD,  M.A.,  Fellow  and  Tutor  of  New 

College,  Oxford.    With  Map.    3s.  6d. 
SEVEN  AGAINST  THEBES.   SCHOOL  EDITION.  By  A.  W.  VERRALL,  Litt.D., 
Fellow  of  Trinity  College,  Cambridge,  and  M.  A.    BAYFIELD,  M.A.,  Head- 
master's Assistant  at  Malvern  College.     3s.  6d. 
ANDOCIDES.—  DE  MYSTERIIS.     By  W.  J.  HICKIE,  M.A.     2s.  6d. 
ATTIC  ORATORS.— Selections  from  ANTIPHON,  ANDOCIDES,  LYSIAS,  ISO- 
CRATES,  AND  ISAEUS.    By  R.  C.  JEBB,  Litt.D.,  Regius  Professor  of  Greek 
in  the  University  of  Cambridge.     6s. 
C^ISAR.— THE  GALLIC  WAR.    By  Rev.  JOHN  BOND,  M.A.,  and  Rev.  A.  S. 

WALPOLE,  M.A.    With  Maps.    6s. 
CATULLUS.— SELECT  POEMS.    Edited  by  F.  P.  SIMPSON,  B.A.     5s.    The  Text 

of  this  Edition  is  carefully  expurgated  for  School  use. 
CICERO.— THE  CATILINE  ORATIONS.    By  A.  S.  WILKINS,  Litt.D.,  Professor  of 

Latin  in  the  Owens  College,  Victoria  University,  Manchester.    3s.  6d. 
PRO  LEGE  MANILIA.     By  Prof.  A.  S.  WILKINS,  Litt.D.     2s.  6d. 
THE  SECOND  PHILIPPIC  ORATION.    By  JOHN  E.  B.  MAYOR,  M.A.,  Professor 

of  Latin  in  the  University  of  Cambridge.     5s. 
PRO  ROSCIO  AMERINO.     By  E.  H.  DONKIN,  M.A.     4s.  6d. 
PRO  P.  SESTIO.     By  Rev.  H.  A.  HOLDEN,  Litt.D.    5s. 
DEMOSTHENES.— DE  CORONA.    By  B.  DRAKE,  M.A.    7th  Edition,  revised  by 

E.  S.  SHUCKBURGH,  M.A.    4s.  6d. 
ADVERSUS  LEPTINEM.    By  Rev.  J.  R.  KING,  M.  A.,  Fellow  and  Tutor  of  Oriel 

College,  Oxford.    4s.  6d. 

THE  FIRST  PHILIPPIC.     By  Rev.  T.  GWATKIN,  M.A.     2s.  6d. 
IN  MIDI  AM.    By  Prof.  A.  S.  WILKINS,  Litt.D.,  and  HERMAN  EAGER,  Ph.D.,  of 
the  Owens  College,  Victoria  University,  Manchester.  [In  preparation. 

EURIPIDES.— HIPPOLYTUS.    By  Rev.  J.  P.  MAHAFFY,  D.D.,  Fellow  of  Trinity 
College,  and  Professor  of  Ancient  History  in  the  University  of  Dublin,  and  J. 
B.  BURY,  M.  A.,  Fellow  of  Trinity  College,  Dublin.    3s.  6d. 
MEDEA.    By  A.  W.  VERRALL,  Litt.D.,  Fellow  of  Trinity  College,  Cambridge. 

3s.  6d. 

IPHIGENIA  IN  TAURIS.    By  E.  B.  ENGLAND,  M.A.    4s.  6d. 
ION.    ByM.  A.  BAYFIELD,  M.A.,  Headmaster's  Assistant  at  Malvern  College. 

3s.  6d. 

BACCHAE.  By  R.  Y.  TYRRELL,  M.  A.,  Regius  Professor  of  Greek  in  the  University 

of  Dublin.  [In  preparation. 

HERODOTUS.— BOOK  III.    By  G.  C.  MACAULAY,  M.A.  [In  the  Press. 

BOOK  V.    By  J.  STRACHAN,  M.A.,  Professor  of  Greek  in  the  Owens  College, 

Victoria  University,  Manchester.  [In  preparation. 

BOOK  VI.    By  the  same.  [In  the  Press. 

BOOKS  VII.  and  VIII.    By  Mrs.  MONTAGU  BUTLER.  [In  the  Press. 

HESIOD.— THE  WORKS  AND  DAYS.    By  W.  T.  LENDRUM,  M.A.,  Assistant 

Master  at  Dulwich  College.  [In  preparation. 

HOMER.  — ILIAD.      BOOKS    I.,   IX.,    XL,   XVI.— XXIV.      THE    STORY   OF 

ACHILLES.    By  the  late  J.  H.   PRATT,  M.A.,  and  WALTER  LEAF,  Litt.D., 

Fellows  of  Trinity  College,  Cambridge.    6s. 
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ODYSSEY.    BOOK  IX.    By  Prof.  JOHN  B.  B.  MAYOR.    2s.  6d. 

ODYSSEY.     BOOKS  XXI.— XXIV.     THE  TRIUMPH  OP  ODYSSEUS     By  S. 

G.  HAMILTON,  B.A.,  Pellow  of  Hertford  College,  Oxford.     3s.  6d. 
HORACE.— THE  ODES.    By  T.  E.  PAGE,  M.A.,  Assistant  Master  at  the  Charter- 
house.   6s.    (BOOKS  I.,  II.,  III.,  and  IV.  separately,  2s.  each). 
THE  SATIRES.    By  ARTHUR  PALMER,  M.  A.,  Professor  of  Latin  in  the  University 

of  Dublin.    6s. 
THE  EPISTLES  AND  ARS  POETICA.    By  A.  S.  WILKINS,  Litt.D.,  Professor 

of  Latin  in  the  Owens  College,  Victoria  University,  Manchester.    6s. 
ISAEOS.— THE  ORATIONS.    By  WILLIAM  RIDOEWAY,  M.A.,  Professor  of  Greek 
in  Queen's  College,  Cork.  [In  preparation. 

JUVENAL.— THIRTEEN  SATIRES.    By  E.  G.  HARDY,  M.A.    5s.    The  Text  is 

carefully  expurgated  for  School  uso. 
SELECT  SATIRES.      By  Prof.   JOHN  E.  B.   MAYOR.      X.   and   XI.     3s.  6d. 

XII. -XVI.     4s.  6d. 

LIVY.    BOOKS  II.  and  III.    By  Rev.  H.  M.  STEPHENSON,  M.A.    5s. 
BOOKS  XXI.  and  XXII.     By  Rev.  W.  W.  CAPES,  M.A.     With  Maps.     5s. 
BOOKS  XXIII.  and  XXIV.    By  G.  C.  MACAULAY,  M.A.    With  Maps.    5s. 
THE  LAST  TWO  KINGS  OF  MACEDON.    EXTRACTS  FROM  THE  FOURTH 
AND  FIFTH  DECADES  OF  LIVY.      By  F.  H.  RAWLINS,  M.A.,  Assistant 
Master  at  Eton.    With  Maps.    3s.  6d. 

THE  SUBJUGATION  OF  ITALY.    SELECTIONS  FROM  THE  FIRST  DECADE. 

By  G.  E.  MARINDIN,  M.A.  [In  preparation. 

LUCRETIUS.— BOOKS  I.— III.       By  J.  H.  WARBURTON  LEE,  M.A.,  Assistant 

Master  at  Rossall.     4s.  6d. 
LYSIAS.— SELECT  ORATIONS.    By  E.  S.  SHUCKBURGH,  M.A.    6s. 
MARTIAL.— SELECT  EPIGRAMS.    By  Rev.  H.  M.  STEPHENSON,  M.A.    6s.  6d. 
OVID.— FASTI.    By  G.  H.  HALLAM,  M.A.,  Assistant  Master  at  Harrow.    With 

Maps.     5s. 

HEROIDUM  EPISTUL^S  XIII.    By  E.  S.  SHUCKBURGH,  M.A.    4s.  6d. 
METAMORPHOSES.    BOOKS  I.— III.    By  C.  SIMMONS,  M.A.    [In  preparation. 
BOOKS  XIII.  and  XIV.    By  the  same  Editor.    4s.  6d. 
PLATO.— LACHES.     By  M.  T.  TATHAM,  M.A.    2s.  6d. 
THE  REPUBLIC.     BOOKS  I.— V.    By  T.  H.  WARREN,  M.A.,  President  of 

Magdalen  College,  Oxford.     6s. 
PLAUTUS.— MILES  GLORIOSUS.    By  R.  W.  TYRRELL,  M. A.,  Regius  Professor  of 

Greek  in  the  University  of  Dublin.    2d  Ed.,  revised.    5s. 
AMPHITRUO.    By  ARTHUR  PALMER,  M.A.,  Professor  of  Latin  in  the  University 

of  Dublin.    5s. 
PLINY.— LETTERS.    BOOKS  I.  and  II.    By  J.  COWAN,  M.A.,  Assistant  Master 

at  the  Manchester  Grammar  School.    5s. 
LETTERS.    BOOK  III.    By  Prof.  JOHN  E.  B.  MAYOR.    With  Life  of  Pliny  by 

G.  H.  RENDALL,  M.A.    5s. 
PLUTARCH.— LIFE  OF  THEMISTOKLES.    By  Rev.  H.  A.  HOLDEN,  Litt.D.    5s. 

LIVES  OF  GALBA  AND  OTHO.     By  E.  G.  HARDY,  M.A.     6s. 
POLYBIUS.— THE  HISTORY  OF  THE  ACH^AN  LEAGUE  AS  CONTAINED  IN 

THE  REMAINS  OF  POLYBIUS.     By  W.  W.  CAPES,  M.A.     6s.  6d. 
PROPERTIUS.—  SELECT  POEMS.    By  Prof.  J.  P.  POSTGATE,  Litt.D.,  Fellow  of 

Trinity  College,  Cambridge.    2d  Ed.,  revised.    6s. 
SALLUST.— CATILINA  and  JUGURTHA.    By  C.  MERIVALE,  D.D.,  Dean  of  Ely. 

4s.  6d.     Or  separately,  2s.  6d.  each. 
BELLUM  CATULIN^E.    By  A.  M.  COOK,  M.A.,  Assistant  Master  at  St.  Paul's 

School.    4s.  6d. 

JUGURTHA.    By  the  same  Editor.  [In  preparation. 

TACITUS.— THE  ANNALS.    BOOKS  I.  and  II.    By  J.  S.  REID,  Litt.D. 

[In  preparation. 

THE  ANNALS.     BOOK  VI.    By  A.  J.  CHURCH,  M.A.,  and  W.  J.  BRODRIBB, 
M.A.    2s.  6d. 
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THE  HISTORIES.    BOOKS  I.  and  II.    By  A.  D.  GODLEY,  M.A.,  Fellow  of 

Magdalen  College,  Oxford.     5s.     BOOKS  III.-V.    By  the  same.    5s. 
AGRICOLA  and  GERMANIA.    By  A.  J.  CHURCH,  M.A.,  and  W.  J.  BRODRIBB, 

M.A.    3s.  6d.    Or  separately,  2s.  each. 
TERENCE.— HAUTON   TIMOR UMENOS.      By  E.  S.  SHUCKBURGH,  M.A.     3s. 

With  Translation.    4s.  6d. 

PHORMIO.    By  Rev.  JOHN  BOND,  M.A.,  and  Rev.  A.  S.  WALPOLE,  M.A.    4s.  6d. 
THUCYDIDES.—  BOOK  I.     By  C.  BRYANS,  M.A.  [In preparation. 

BOOK  II.    By  E.  C.  MARCHANT,  M.A.,  Assistant  Master  at  St.  Paul's  School. 

[In  preparation. 

BOOK  III.     By  C.  BRYANS.  [In  preparation. 

BOOK  IV.    By  C.  E.  GRAVES,  M.A.,  Classical  Lecturer  at  St.  John's  College, 

Cambridge.     5s. 

BOOK  V.    By  the  same  Editor.  [In  the  Press. 

BOOKS  VI.  AND  VII.      THE  SICILIAN  EXPEDITION.      By  Rev.  PERCIVAL 

FROST,  M.A.     With  Map.     5s. 

BOOK  VIII.     By  Prof.  T.  G.  TUCKER,  M.A.  [In  preparation. 

TIBULLUS.— SELECT  POEMS.    By  Prof.  J.  P.  POSTDATE,  Litt.D.  [In preparation. 
VIRGIL.— ./ENEID.     BOOKS  II.  AND  III.      THE  NARRATIVE  OF  TINEAS. 

By  E.  W.  HOWSON,  M.A.,  Assistant  Master  at  Harrow.     3s. 
XENOPHON.— THE  ANABASIS.      BOOKS  I. -IV.     By  Profs.  W.  W.  GOODWIN 

and  J.  W.  WHITE.  Adapted  to  Goodwin's  Greek  Grammar.  With  Map.  5s. 
HELLENICA.  BOOKS  I.  AND  II.  By  H.  HAILSTONE,  B. A.  With  Map.  4s.  6d 
CYROMDIA.  BOOKS  VII.  AND  VIII.  By  A.  GOODWIN,  M.A.,  Professor  of 

Classics  in  University  College,  London.    5s. 
MEMORABILIA  SOCRATIS.    By  A.  R.  CLUER,  B.A.,  Balliol  College,  Oxford. 

6s. 

HIERO.    By  Rev  H.  A.  HOLDEN,  Litt.D.,  LL.D.    3s.  6d. 
OECONOMICUS.    By  the  same.     With  Lexicon.    6s. 

CLASSICAL   LIBRARY. 

Texts,  Edited  with.   Introductions  and   Notes,   for  the   use   of 
Advanced  Students  ;  Commentaries  and  Translations. 

JESCHYLUS.— THE  SUPPLICES.     A  Revised  Text,  with  Translation.    By  T. 

G.  TUCKER,  M.A.,  Professor  of  Classical  Philology  in  the  University  of  Mel- 
bourne.   8vo.     10s.  6d. 
THE  SEVEN  AGAINST  THEBES.     With  Translation.     By  A.  W.  VERRALL, 

LittD.,  Fellow  of  Trinity  College,  Cambridge.     8vo.     7s.  6d. 
AGAMEMNON.    With  Translation.    By  A  W.  VERRALL,  Litt.D.    8vo.    12s. 
AGAMEMNON,   CHOEPHOROB,  AND   EUMENIDES.     By  A.  O.  PRICKARD, 

M.  A.,  Fellow  and  Tutor  of  New  College,  Oxford.    8vo.  [In  preparation. 

THE  EUMENIDES.    With  Verse  Translation.     By  BERNARD  DRAKE,  M.A. 

8vo.     5s. 
ANTONINUS,   MARCUS  AURELIUS.— BOOK  IV.    OF  THE  MEDITATIONS. 

With  Translation.     By  HASTINGS  CROSSLEY,  M.A.     8vo.     6s. 
ARISTOTLE.— THE  METAPHYSICS.     BOOK  I.    Translated   by  a  Cambridge 

Graduate.    8vo.    5s. 
THE  POLITICS.    By  R.  D.  HICKS,  M.A.,  Fellow  of  Trinity  College,  Cambridge. 

8vo.  [In  the  Press. 

THE  POLITICS.    Translated  by  Rev.  J.  E.  C.  WELLDON,  M.A.,  Headmaster  of 

Harrow.     Cr.  8yo.     10s.  6d. 

THE  RHETORIC.     Translated  by  the  same.     Cr.  Svo.    7s.  6d. 
AN  INTRODUCTION  TO  ARISTOTLE'S  RHETORIC.     With  Analysis,  Notes, 

and  Appendices.    By  E.  M.  COPE,  Fellow  and  late  Tutor  of  Trinity  College, 

Cambridge.    Svo.    14s. 
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THE  ETHICS.    Translated  by  Rev.  J.  E.  C.  WELLDON,  M.A.     Or.  8vo. 

[In  preparation. 
THE  SOPHISTICI  ELENCHI.    With  Translation.    By  E.  POSTE,  M.A.,  Fellow 

of  Oriel  College,  Oxford.     Svo.     8s.  6d. 

ARISTOPHANES.— THE  BIRDS.  Translated  into  English  Verse.  By  B.  H. 
KENNEDY,  D.D.  Cr.  Svo.  6s.  Help  Notes  to  the  Same,  for  the  Use  of 
Students.  Is.  6d. 

ATTIC  pRATOBS.— FROM  ANTIPHON  TO  ISAEOS.     By  R.  C.  JEBB,  Litt.D., 
Regius  Professor  of  Greek  in  the  University  of  Cambridge.     2  vols.    Svo.    25s. 
BABRIUS.— With  Lexicon.     By  Rev.  W.  G.  RUTHERFORD,  M.A.,  LL.D.,  Head- 
master of  Westminster.    Svo.     12s.  6d. 
CICERO.— THE  ACADEMICA.     By  J.  S.  REID,  Litt.D.,  Fellow  of  Caius  College, 

Cambridge.     Svo.    15s. 

THE  ACADEMICS.    Translated  by  the  same.    Svo.    5s.  6d. 
SELECT  LETTERS.    After  the  Edition  of  ALBERT  WATSON,  M.A.    Translated 
by  G.  E.  JEANS,  M.A.,  Fellow  of  Hertford  College,  Oxford.    Cr.  Svo.    10s.  6d. 
EURIPIDES.— MEDEA.    Edited  by  A.  W.  VERRALL,  Litt.D.    Svo.    7s.  6d. 
IPHIGENIA  IN  AULIS.    Edited  by  E.  B.  ENGLAND,  M.A.    Svo.    [In  the  Press. 
INTRODUCTION  TO  THE  STUDY  OF  EURIPIDES.       By  Professor  J.  P. 

MAHAFFY.    Fcap.  Svo.    Is.  6d.    (Classical  Writers'). 

HERODOTUS.— BOOKS  I.-III.  THE  ANCIENT  EMPIRES  OF  THE  EAST. 
Edited  by  A.  H.  SAYCE,  Deputy-Professor  of  Comparative  Philology,  Oxford. 
Svo.  16s. 

BOOKS  IV.-IX.    Edited  by  R.  W.  MACAN,  M.A.,  Lecturer  in  Ancient  History  at 

Brasenose  College,  Oxford.     Svo.  [In  preparation. 

THE  HISTORY.    Translated  by  G.  C.  MACAULAY,  M.A.    2  vols.    Cr.  Svo.    18s. 

HOMER.— THE  ILIAD.    By  WALTER  LEAF,  Litt.D.    Svo.    Books  I.-XII.    14s 

Books  XIII.-XXIV.    14s. 
THE  ILIAD.    Translated  into  English  Prose  by  ANDREW  LANG,  M.A.,  WALTER 

LEAF,  Litt.D.,  and  ERNEST  MYERS,  M.A.    Cr.  Svo.    12s.  6d. 
THE  ODYSSEY.     Done  into  English  by  S.  H.  BUTCHER,  M.A.,  Professor  of 
Greek  in  the  University  of  Edinburgh,  and  ANDREW  LANG,  M.A.    Cr.  Svo.    6s. 
INTRODUCTION  TO  THE  STUDY  OF  HOMER.    By  the  Right  Hon.  W.  E. 

GLADSTONE.    ISmo.    Is.    (Literature  Primers.) 
HOMERIC  DICTIONARY.    Translated  from  the  German  of  Dr.  G.  AUTENRIETH 

by  R.  P.  KEEP,  Ph.D.    Illustrated.    Cr.  Svo.    6s. 

HORACE.— Translated  by  J.  LONSDALE,  M.A.,  and  S.  LEE,  M.A.    Gl.  Svo.    3s.  6d. 
STUDIES,  LITERARY  AND  HISTORICAL,  IN  THE  ODES  OF  HORACE. 

By  A.  W.  VERRALL,  Litt.D.     Svo.   8s.  6d. 

JUVENAL.— THIRTEEN  SATIRES  OF  JUVENAL.  By  JOHN  E.  B.  MAYOR, 
M.A.,  Professor  of  Latin  in  the  University  of  Cambridge.  Cr.  Svo.  2  vols. 
10s.  6d.  each.  Vol.  I.  10s.  6d.  Vol.  II.  10s.  6d. 

THIRTEEN  SATIRES.    Translated  by  ALEX.  LEEPER,  M.A.,  LL.D.,  Warden  of 
Trinity  College,  Melbourne.    Cr.  Svo.    3s.  6d. 

KTESIAS.— THE  FRAGMENTS  OF  THE  PERSIKA  OF  KTESIAS.  By  JOHN 
GILMORE,  M.A.  Svo.  8s.  6d. 

LIVY.— BOOKS  I.-IV.    Translated  by  Rev.  H.  M.  STEPHENSON,  M.A. 

[ In  preparation. 
BOOKS  XXI.-XXV.    Translated  by  A.  J.  CHURCH,  M.A.,  and  W.  J.  BRODRIBB. 

M.A.     Cr.  Svo.     7s.  6d. 
INTRODUCTION  TO  THE  STUDY  OF  LIVY.     By  Rev.  W.  W.  CAPES,  M.A. 

Fcap.  Svo.     Is.  6d.    (Classical  Writers.) 

MARTIAL.— BOOKS  I.  AND  II.  OF  THE  EPIGRAMS.  By  Prof.  JOHN  B.  B. 
MAYOR,  M.A.  Svo.  [In  the  Press. 

PAUSANIAS.— DESCRIPTION  OF  GREECE.  Translated  with  Commentary 
by  J.  G.  FRAZER,  M.A.,  Fellow  of  Trinity  College,  Cambridge. 

[In  preparation. 
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PHBYNICHUS.— THE  NEW  PHRYNICHUS  ;  being  a  Revised  Text  of  the  Ecloga 
of  the  Grammarian  Phrynichus.    With  Introduction  and  Commentary  by  Rev. 
W.  G.  RUTHERFORD,  M.A.,  LL.D.,  Headmaster  of  Westminster.    8vo.    18s. 
PINDAR.— THE  EXTANT  ODES  OF  PINDAR.    Translated  by  ERNEST  MYERS, 

M.A.     Cr.  8vo.     5s. 

THE  OLYMPIAN  AND  PYTHIAN  ODES.  Edited,  with  an  Introductory 
Essay,  by  BASIL  GILDERSLEEVE,  Professor  of  Greek  in  the  Johns  Hopkins 
University,  U.S.A.  Cr.  8vo.  7s.  6d. 

THE    NEMEAN    ODES.    By  J.  B.  BURY,  M.A.,   Fellow  of  Trinity  College, 

Dublin.    8vo.  [In  the  Press. 

PLATO.— PKEDO.    By  R.  D.  ARCHER-HIND,  M.A.,  Fellow  of  Trinity  College, 

Cambridge.    8vo.    8s.  6d. 
PH^DO.    By  W.  D.  GEDDES,  LL.D.,  Principal  of  the  University  of  Aberdeen. 

8vo.    8s.  6d. 

TIMAEUS.    With  Translation.    By  R.  D.  ARCHER-HIND,  M.A.    8vo.    16s. 
THE  REPUBLIC  OF  PLATO.    Translated  by  J.  LL.  DAVIES,  M.A.,  and  D.  J. 

VAUGHAN,  M.A.    18mo.    4s.  6d. 
EUTHYPHRO,  APOLOGY,   CRITO,   AND    PH^EDO.      Translated   by  F.  J. 

CHURCH.    18mo.    4s.  6d. 
PH.EDRUS,  LYSIS,  AND  PROTAGORAS.     Translated  by  J.  WRIGHT,  M.A. 

18mo.     4s.  6d. 

PLAUTUS.— THE  MOSTELLARIA.  By  WILLIAM  RAMSAY,  M.A.  Edited  by 
G.  G.  RAMSAY,  M.A.,  Professor  of  Humanity  in  the  University  of  Glasgow. 
8vo.  14s. 

PLINY.— CORRESPONDENCE    WITH   TRAJAN.     C.    Plinii    Caecilii    Secundi 
Epistulae  ad  Traianum  Imperatorem  cum  Eiusdem  Responsis.     By  E.   G. 
HARDY,  M.A.    8vo.     10s.  6d. 
POLYBIUS.— THE  HISTORIES  OF  POLYBIUS.     Translated  by  E.  S.  SHUCK- 

BURGH,  M.A.     2  vols.     Cr.  8vo.     24s. 
SALLUST.— CATILINE  AND  JUGURTHA.    Translated  by  A.  W.  POLLARD,  B.  A. 

Cr.  8vo.    6s.    THE  CATILINE  (separately).    3s. 
SOPHOCLES— (EDIPUS  THE  KING.    Translated  into  English  Verse  by  E.  D.  A. 

MORSHEAD,  M.A.,  Assistant  Master  at  Winchester.     Fcap.  8vo.    3s.  6d. 
TACITUS.— THE  ANNALS.    By  G.  O.  HOLBROOKE,  M.A.,  Professor  of  Latin  in 

Trinity  College,  Hartford,  U.S.A.    With  Maps.    8vo.    16s. 
THE  ANNALS.    Translated  by  A.  J.  CHURCH,  M.A.,  and  W.  J.  BRODRIBB,  M.A. 

With  Maps.     Cr.  8vo.     7s.  6d. 

THE  HISTORIES.    By  Rev.  W.  A.  SPOONER,  M.A.,  Fellow  of  New  College, 

Oxford.    8vo.  [In  the  Press. 

THE  HISTORY.    Translated  by  A.  J.  CHURCH,   M.A.,  and  W.  J.  BRODRIBB, 

M.A.    With  Map.    Cr.  8vo.    6s. 

THE  AGRICOLA  AND  GERMANY,  WITH  THE  DIALOGUE  ON  ORATORY. 
Translated  by  A.  J.  CHURCH,  M.A.,  and  W.  J.  BRODRIBB,  M.A.    With  Maps.. 
Cr.  8vo.    4s.  6d. 
INTRODUCTION  TO  THE  STUDY  OF  TACITUS.     By  A.  J.  CHURCH,  M.A., 

and  W.  J.  BRODRIBB,  M.A.     Fcap.  Svo.     Is.  6d.    (Classical  Writers.) 
THEOCRITUS,  BION,  AND  MOSCHUS.    Translated  by  A.  LANG,  M.A.    18mo 
4s.  6d. 

%*  Also  an  Edition  on  Large  Paper.     Cr.  8vo.     9s. 

THUCYDIDES.— BOOK  IV.    A  Revision  of  the  Text,  Elustrating  the  Principal 
Causes  of  Corruption  in  the  Manuscripts  of  this  Author.    By  Rev.  W.  G. 
RUTHERFORD,  M.A.,  LL.D.,  Headmaster  of  Westminster.    Svo.    7s.  6d. 
BOOK  VIII.    By  H.  C.  GOODHART,  M.A.,  Fellow  of  Trinity  College,  Cambridge. 

[In  the  Press. 

VIRGIL. — Translated  by  J.  LONSDALE,  M.A.,  and  S.  LEE,  M.A.    Gl.  8vo.    3s.  6d. 
THE    ^INEID.    Translated  by  J.  W.  MACKAIL,  M.A.,  Fellow  of  Balliol  College, 

Oxford.     Cr.  Svo.     7s.  6d. 

XENOPHON.— Translated  by  H.  G.  DAKYNS,  M.A.  In  four  vols.  Vol.  I.,  con- 
taining "The  Anabasis"  and  Books  I.  and  II.  of  "The  Hellenica."  Cr.  Svo, 
10s.  6d.  [Vol.  II.  in  the  Press. 
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BELCHER.— SHORT   EXERCISES   IN  LATIN  PROSE    COMPOSITION  AND 
EXAMINATION  PAPERS  IN  LATIN  GRAMMAR.     Part  I.     By  Rev.   H. 
BELCHER,  LL.D.,  Rector  of  the  High  School,  Dunedin,  N.Z.    18mo.     Is.  6d. 
KEY,  for  Teachers  only.    18mo.    3s.  6d. 

Part  II.,  On  the  Syntax  of  Sentences,  with  an  Appendix,  including  EXERCISES 
IN  LATIN  IDIOMS,  etc.    18mo.    2s.     KEY,  for  Teachers  only.     18mo.    3s. 
BLACKIE.— GREEK  AND  ENGLISH  DIALOGUES  FOR  USE  IN  SCHOOLS 
AND  COLLEGES.    By  JOHN  STUART  BLACKIE,  Emeritus  Professor  of  Greek 
in  the  University  of  Edinburgh.    New  Edition.    Fcap.  8vo.    2s.  6d. 
BRYANS.— LATIN  PROSE   EXERCISES  BASED  UPON  CAESAR'S  GALLIC 
WAR.    With  a  Classification  of  Caesar's  Chief  Phrases  and  Grammatical  Notes 
on  Caesar's  Usages.    By  CLEMENT  BRYANS,  M.A.,  Assistant  Master  at  Dulwich 
College.    Ex.  fcap.    8vo.    2s.  6d.    KEY,  for  Teachers  only.    4s.  6d. 
GREEK  PROSE  EXERCISES  based  upon  Thucydides.    By  the  same. 

[In  preparation. 

OOOKSON.— A  LATIN  SYNTAX.    By  CHRISTOPHER  COOKSON,  M.A.,  Assistant 

Master  at  St.  Paul's  School.    8vo.  [In  preparation. 

CORNELL  UNIVERSITY  STUDIES  IN  CLASSICAL  PHILOLOGY.    Edited  by 

1.  FLAQO,  W.  G.  HALE,  and  B.  I.  WHEELER.    I.  The  CW-Constructions :  their 
History  and  Functions.     By  W.  G.  HALE.    Part  1.  Critical.    Is.  8d.  nett.    Part 

2.  Constructive.    3s.  4d.  nett.     II.  Analogy  and  the  Scope  of  its  Application 
in  Language.    By  B.  I.  WHEELER.    Is.  3d.  nett. 

EICKE.— FIRST  LESSONS  IN  LATIN.    By  K.  M.  EICKE,  B.A.,  Assistant  Master 

at  Oundle  School.    Gl.  8vo.    2s.  6d. 
ENGLAND.— EXERCISES  ON  LATIN  SYNTAX  AND  IDIOM.     ARRANGED 

WITH  REFERENCE  TO  ROBY'S  SCHOOL  LATIN  GRAMMAR.     By  E. 

B.  ENGLAND,  Assistant  Lecturer  at  the  Owens  College,  Victoria  University, 

Manchester.    Cr.  8vo.     2s.  6d.    KEY,  for  Teachers  only.    2s.  6d. 
GILES.— A  MANUAL  OF  GREEK  AND  LATIN  PHILOLOGY.     By  P.  GILES, 

M.A.,  Fellow  of  Gonville  and  Caius  College,  Cambridge.    Cr.  8vo. 

[In  the  Press. 
GOODWIN.— Works  by  W.  W.  GOODWIN,  LL.D.,  D.C.L.,  Professor  of  Greek  in 

Harvard  University,  U.S.A. 
SYNTAX  OF  THE  MOODS  AND  TENSES  OF  THE  GREEK  VERB.     New 

Ed.,  revised  and  enlarged.    8vo.    14s. 
A  GREEK  GRAMMAR.     Cr.  8vo.     6s. 

A  GREEK  GRAMMAR  FOR  SCHOOLS.     Cr.  8vo.     3s.  6d. 
GREENWOOD.— THE  ELEMENTS  OF  GREEK  GRAMMAR.    Adapted  to  the 

System  of  Crude  Forms.      By  J.  G.  GREENWOOD,  sometime  Principal  of  the 

Owens  College,  Manchester.    Cr.  8vo.    5s.  Gd. 
HADLEY    AND    ALLEN.— A   GREEK    GRAMMAR    FOR    SCHOOLS    AND 

COLLEGES.     By  JAMES  HADLEY,  late  Professor  in  Yale  College.    Revised 

and  in  part  rewritten  by  F.  DE  F.  ALLEN,  Professor  in  Harvard  College. 

Cr.  8vo.    6s. 
HODGSON.— MYTHOLOGY  FOR  LATIN  VERSIFICATION.    A  brief  sketch  of 

the  Fables  of  the  Ancients,  prepared  to  be  rendered  into  Latin  Verse  for 

Schools.    By  F.  HODGSON,  B.D.,  late  Provost  of  Eton.    New  Ed.,  revised  by 

F.  C.  HODGSON,  M.A.    ISmo.    3s. 
JACKSON.— FIRST  STEPS  TO  GREEK  PROSE  COMPOSITION.    By  BLOMFIELD 

JACKSON,  M.A.,  Assistant  Master  at  King's  College  School.    18mo.    Is.  6d. 

KEY,  for  Teachers  only.    18mo.    3s.  6d. 
SECOND  STEPS  TO  GREEK  PROSE   COMPOSITION,   with  Miscellaneous 

Idioms,  Aids  to  Accentuation,  and  Examination  Papers  in  Greek  Scholarship. 

By  the  same.    18mo.    2s.  6d.    KEY,  for  Teachers  only.    18mo.    3s.  6d. 
KYNASTON.— EXERCISES    IN    THE    COMPOSITION   OF    GREEK   IAMBIC 

VERSE  by  Translations  from  English  Dramatists.    By  Rev.  H.  KYNASTON, 

D.D.,  Professor  of  Classics  in  the  University  of  Durham.    With  Vocabulary 

Ex.  fcap.    8vo.    5s. 
KEY,  for  Teachers  only.    Ex.  fcap.  8vo.    4s.  6d. 
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LUPTON.— AN    INTRODUCTION   TO   LATIN   ELEGIAC   VERSE   COMPO8I. 
TION.    By  J.  H.  LUPTON,  Sur-Master  of  St.  Paul's  School.    Gl.    8vo.    2s.  6d. 
KEY  TO  PART  II.  (XXV.— C.)    Gl.  8vo.     3s.  6d. 
AN  INTRODUCTION  TO  LATIN  LYRIC  VERSE  COMPOSITION.     By  the 

same.     Gl.  8vo.     3s.     KEY,  for  Teachers  only.     Gl.  8vo.     4s.  6d. 
MACKIE.— PARALLEL    PASSAGES    FOR    TRANSLATION    INTO    GREEK 
AND  ENGLISH.     With  Indexes.     By  Rev.  ELLIS  C.  MACKIE,  M.A.,  Classical 
Master  at  Heversham  Grammar  School.    Gl.  8vo.    4s.  6d. 
MACMILLAN.— FIRST    LATIN    GRAMMAR.       By  M.    C.    MACMILLAN,    M.A. 

Fcap.  8vo.    Is.  6d. 
MACMILLAN'S  GREEK  COURSE.— Edited  by  Rev.  W.  G.  RUTHERFORD,  M.A., 

LL.D.,  Headmaster  of  Westminster.    Gl.  8vo. 
FIRST  GREEK  GRAMMAR— ACCIDENCE.     By  the  Editor.    2s. 
FIRST  GREEK  GRAMMAR— SYNTAX.     By  the  same.     2s. 
ACCIDENCE  AND  SYNTAX.     In  one  volume.     3s.  6d. 
EASY  EXERCISES  IN  GREEK  ACCIDENCE.     By  H.  G.  UNDERBILL,  M.A., 

Assistant  Master  at  St.  Paul's  Preparatory  School.     2s. 
A  SECOND   GREEK   EXERCISE   BOOK.     By    Rev.   W.  A.    HEARD,   M.A., 

Headmaster  of  Fettes  College,  Edinburgh.    2s.  6d. 

MANUAL  OF  GREEK  ACCIDENCE.    By  the  Editor.  [In  preparation. 

MANUAL  OF  GREEK  SYNTAX.     By  the  Editor.  [In  preparation. 

ELEMENTARY  GREEK  COMPOSITION.     By  the  Editor.         [In  preparation. 

MACMILLAN'S  GREEK  READER.— STORIES  AND  LEGENDS.    A  First  Greek 

Reader,  with  Notes,  Vocabulary,  and  Exercises.    By  F.  H.  COLSON,    M.A., 

Headmaster  of  Plymouth  College.    Gl.  8vo.    3s. 

MACMILLAN'S  LATIN  COURSE.— By  A.  M.  COOK,  M.A.,  Assistant  Master  at 
St.  Paul's  School.  First  Part.  Gl.  8vo.  3s.  6d.  Second  Part.  2s.  6d. 

[Third  Part  in  preparation. 
MACMILLAN'S  SHORTER  LATIN  COURSE.— By  A.  M.  COOK,  M.A.    Being  an 

abridgment  of  "Macmillan's  Latin  Course,"  First  Part.     Gl.  8vo.     Is.  6d. 
MACMILLAN'S  LATIN  READER.— A  LATIN  READER  FOR    THE  LOWER 
FORMS  IN  SCHOOLS.    By  H.  J.  HARDY,  M.A.,  Assistant  Master  at  Win- 
Chester.    Gl.  8vo.    2s.  6d. 

MARSHALL.— A  TABLE  OF  IRREGULAR  GREEK  VERBS,  classified  according 
to  the  arrangement  of  Curtius's  Greek  Grammar.    By  J.  M.  MARSHALL,  M.A., 
Headmaster  of  the  Grammar  School,  Durham.    8vo.    Is. 
MAYOR.— FIRST  GREEK  READER.    By  Prof.  JOHN  E.  B.  MAYOR,  M.A.,  Fellow 

of  St.  John's  College,  Cambridge.     Fcap.  8vo.    4s.  6d. 

MAYOR.— GREEK  FOR  BEGINNERS.— By  Rev.  J.  B.  MAYOR,  M.A.,  late 
Professor  of  Classical  Literature  in  King's  College,  London.  Part  I.,  with 
Vocabulary,  Is.  6d.  Parts  II.  and  III.,  with  Vocabulary  and  Index.  Fcap. 
8vo.  3s.  6d.  Complete  in  one  Vol.  4s.  6d. 

NIXON.— PARALLEL  EXTRACTS,  Arranged  for  Translation  into  English  and 
Latin,  with  Notes  on  Idioms.  By  J.  E.  NIXON,  M.A.,  Fellow  and  Classical 
Lecturer,  King's  College,  Cambridge.  Part  I. — Historical  and  Epistolary. 
Cr.  8vo.  3s.  6d. 

PROSE  EXTRACTS,  Arranged  for  Translation  into  English  and  Latin,  with 
General  and  Special  Prefaces  on  Style  and  Idiom.  By  the  same.  I.  Oratorical. 
II.  Historical.  III.  Philosophical.  IV.  Anecdotes  and  Letters.  2d  Ed., 
enlarged  to  280  pp.  Cr.  8vo.  4s.  6d. 

SELECTIONS  FROM  PROSE  EXTRACTS,  including  Easy  Anecdotes  and 
Letters  and  Notes  and  Hints.  By  the  same.  120  pp.  3s. 

Translations  of  about  70  Extracts  can  be  supplied  to  Schoolmasters  (2s.  6d.), 
on  application  to  the  Author :  and  about  40  similarly  of  "Parallel  Extracts," 
Is.  6d.  post  free. 
PANTIN.— A  FIRST   LATIN  VERSE   BOOK.     By    W.    E.    P.    PANTIN,  M.A., 

Assistant  Master  at  St.  Paul's  School.    Gl.  8vo.    Is.  6d. 

PEILE.— A  PRIMER  OF  PHILOLOGY.  By  J.  PEILE,  Litt.  D.,  Master  of  Christ's 
College,  Cambridge.  18mo.  Is. 
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POSTGATE.— SEEMO  LATINUS.  A  short  Guide  to  Latin  Prose  Coin  position. 
By  Prof.  J.  P.  POSTQATE,  Litt.D.,  Fellow  of  Trinity  College,  Cambridge.  Gl. 
8vo.  2s.  6d.  KEY  to  "  Selected  Passages."  Gl.  8vo.  3s.  6d. 

POSTGATE  AND  VINCE.— A  DICTIONARY  OF  LATIN  ETYMOLOGY.  By 
J.  P.  POSTGATE  and  C.  A.  VINCE.  [In  preparation. 

POTTS.— HINTS  TOWARDS  LATIN  PROSE  COMPOSITION.     By  A.  W.  POTTS, 

M.A.,  LL.D.,  late  Fellow  of  St.  John's  College,  Cambridge.    Ex.  fcap.  8vo.   3s. 

PASSAGES  FOR  TRANSLATION  INTO  LATIN  PROSE.    Edited  with  Notes 

and  References  to  the  above.    Ex.  fcap.  8vo.    2s.  6d.    KEY.  for  Teachers  only. 

2s.  6d. 

PRESTON.— EXERCISES  IN  LATIN  VERSE  OF  VARIOUS  KINDS.  By  Rev. 
G.  PRESTON.  Gl.  8vo.  2s.  6d.  KEY,  for  Teachers  only.  Gl.  8vo.  5s. 

REID.— A  GRAMMAR  OF  TACITUS.     By  J.  S.  REID,  Litt.  D.,  Fellow  of  Cams 

College,  Cambridge.  [In  the  Press. 

A  GRAMMAR  OF  VIRGIL.    By  the  same.  [In  preparation. 

ROBY.— Works  by  H.  J.  ROBT,  M.A.,  late  Fellow  of  St.  John's  College,  Cambridge. 
A  GRAMMAR  OF  THE  LATIN  LANGUAGE,  from  Plautus  to  Suetonius.     Part 
I.      Sounds,  Inflexions,  Word-formation,  Appendices.   Cr.  8vo.    9s.    Part  II. 
Syntax,  Prepositions,  etc.     10s.  6d. 
SCHOOL  LATIN  GRAMMAR.     Cr.  8vo.     5s. 

RUSH.— SYNTHETIC  LATIN  DELECTUS.  With  Notes  and  Vocabulary.  By  E. 
RUSH,  B.A.  Ex.  fcap.  8vo.  2s.  6d. 

RUST.— FIRST  STEPS  TO  LATIN  PROSE  COMPOSITION.  By  Rev.  G.  RUST, 
M.A.  ISmo.  Is.  6d.  KEY,  for  Teachers  only.  By  W.  M.  YATES.  18mo. 
3s.  6d. 

RUTHERFORD. —Works  by  the  Rev.  W.  G.  RUTHERFORD,  M. A.,  LL.D.,  Head- 
master of  Westminster. 

REX  LEX.  A  Short  Digest  of  the  principal  Relations  between  the  Latin, 
Greek,  and  Anglo-Saxon  Sounds.  8vo.  [In  preparation. 

THE  NEW  PHRYNICHUS ;  being  a  Revised  Text  of  the  Ecloga  of  the  Gram- 
marian Phrynichus.  With  Introduction  and  Commentary.  8vo.  18s.  (See 
also  Macmillan's  Greek  Course.) 

SHUCKBURGH.— PASSAGES  FROM  LATIN  AUTHORS  FOR  TRANSLATION 
INTO  ENGLISH.  Selected  with  a  view  to  the  needs  of  Candidates  for  the 
Cambridge  Local,  and  Public  Schools'  Examinations.  By  E.  S.  SHUCKBURGH, 
M.A.  Cr.  8vo.  2s. 

SIMPSON.  — LATIN  PROSE  AFTER  THE  BEST  AUTHORS:  Caesarian  Prose. 
By  F.  P.  SIMPSON,  B.A.  Ex.  fcap.  8vo.  2s.  6d.  KEY,  for  Teachers  only. 
Ex.  fcap.  8vo.  5s. 

STRACHAN  AND  WILKINS.—  ANALECTA.  Selected  Passages  for  Translation. 
By  J.  S.  STRACHAN,  M.A.,  Professor  of  Greek,  and  A.  S.  WILKINS,  Litt.  D., 
Professor  of  Latin  in  the  Owens  College,  Manchester.  Cr.  8vo.  5s. 

THRING.— Works  by  the  Rev.  E.  THRING,  M.A.,  late  Headmaster  of  Uppmgham. 
A  LATIN  GRADUAL.    A  First  Latin  Construing  Book  for  Beginners.    With 

Coloured  Sentence  Maps.    Fcap.  8vo.     2s.  6d. 
A  MANUAL  OF  MOOD  CONSTRUCTIONS.    Fcap.  8vo.    Is.  6d. 

WELCH  AND  DUFFIELD.  —  LATIN  ACCIDENCE  AND  EXERCISES  AR- 
RANGED FOR  BEGINNERS.  By  W.  WELCH  and  C.  G.  DUFFIELD, 
Assistant  Masters  at  Cranleigh  School.  18mo.  Is.  6d. 

WHITE.— FIRST  LESSONS  IN  GREEK.  Adapted  to  GOODWIN'S  GREEK  GRAM- 
MAR, and  designed  as  an  introduction  to  the  ANABASIS  OF  XENOPHON.  By 
JOHN  WILLIAMS  WHITE,  Assistant-Professor  of  Greek  in  Harvard  University, 
U.S.A.  Cr.  8vo.  4s.  6d. 

WRIGHT.— Works  by  J.  WRIGHT,   M.A.,  late  Headmaster  of  Sutton  Coldneld 

School. 
A  HELP  TO  LATIN  GRAMMAR ;  or,  the  Form  and  Use  of  Words  in  Latin, 

with  Progressive  Exercises.     Cr.  8vo.    4s.  6d. 

THE  SEVEN  KINGS  OF  ROME.  _  An  Easy  Narrative,  abridged  from  the  First 

t  Latin  Read- 
3s.  6d. 


LJOLJU  oxuvrjj.^  ji.ii>\jro  ur  rv^mjL.  AII  jcjasy  narrative,  aoriugea  u 
Book  of  Livy  by  the  omission  of  Difficult  Passages  ;  being  a  First 
ing  Book,  with  Grammatical  Notes  and  Vocabulary.  Fcap.  8vo. 
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FIRST  LATIN  STEPS;  OR,  AN  INTRODUCTION  BY  A  SERIES  OF 
EXAMPLES  TO  THE  STUDY  OF  THE  LATIN  LANGUAGE.  Or.  Svo.  3s. 

ATTIC  PRIMER.  Arranged  for  the  Use  of  Beginners.  Ex.  fcap.  Svo. 
2s.  6d. 

A  COMPLETE  LATIN  COURSE,  comprising  Rules  with  Examples,  Exercises, 
both  Latin  and  English,  on  each  Rule,  and  Vocabularies.  Cr.  Svo.  2s.  6d. 

ANTIQUITIES,  ANCIENT  HISTORY,  AND 
PHILOSOPHY. 

ARNOLD.— A   HANDBOOK   OF  LATIN  EPIGRAPHY.      By  W.   T.   ARNOLD, 

M.A.  [In  preparation. 

THE    ROMAN   SYSTEM   OF   PROVINCIAL   ADMINISTRATION    TO  THE 

ACCESSION  OF  CONSTANTINE  THE  GREAT.    By  the  same.    Cr.  Svo.     6s. 

ARNOLD.-THE  SECOND  PUNIC  WAR.     Being  Chapters  from  THE  HISTORY 

OF  ROME  by  the   late   THOMAS    ARNOLD,   D.D.,    Headmaster   of  Rugby. 

Edited,  with  Notes,  by  W.  T.  ARNOLD,  M.A.    With  8  Maps.    Cr.  Svo.    8s.  6d. 

BEESLY.— STORIES    FROM   THE   HISTORY  OF   ROME.     By  Mrs.  BEESLY. 

Fcap.  Svo.    2s.  6d. 

BURN.— ROMAN  LITERATURE  IN  RELATION  TO  ROMAN  ART.  By  Rev. 
ROBERT  BURN,  M.A.,  late  Fellow  of  Trinity  College,  Cambridge.  Illustrated. 
Ex.  cr.  Svo.  14s. 

BURY.— A  HISTORY  OF  THE  LATER  ROMAN  EMPIRE  FROM  ARCADIUS 
TO  IRENE,  A.D.  395-800.    By  J.  B.  BURY,  M.A.,  Fellow  of  Trinity  College, 
Dublin.     2  vols.    Svo.     32s. 
CLASSICAL  WRITERS.— Edited  by  JOHN  RICHARD  GREEN,  M.A.,  LL.D.    Fcap. 

Svo.    Is.  6d.  each. 

SOPHOCLES.    By  Prof.  L.  CAMPBELL,  M.A. 
EURIPIDES.    By  Prof.  MAHAFFY,  D.D. 
DEMOSTHENES.     By  Prof.  S.  H.  BUTCHER,  M.A. 
VIRGIL.     By  Prof.  NETTLESHIP,  M.A. 
LIVY.    By  Rev.  W.  W.  CAPES,  M.A. 

TACITUS.    By  Prof.  A.  J.  CHURCH,  M.A.,  and  W.  J.  BRODRIBB,  M.A. 
MILTON.    By  Rev.  STOPFORD  A.  BROOKE,  M.A. 
FREEMAN.— Works  by  EDWARD  A.  FREEMAN,  D.C.L.,  LL.D.,  Regius  Professor  of 

Modern  History  in  the  University  of  Oxford. 

HISTORY  OF  ROME.  (Historical  Course  for  Schools.)  18mo.  [In  preparation. 
HISTORY  OF  GREECE.  (Historical  Course  for  Schools.)  ISmo.  [In  preparation. 
A  SCHOOL  HISTORY  OF  ROME.  Cr.  Svo.  [In  preparation. 

HISTORICAL  ESSAYS.    Second  Series.     [Greek  and  Roman  History.]     Svo. 

10s.  6d. 

FYFFE?— A  SCHOOL  HISTORY  OF  GREECE.    By  C.  A.  FYFFE,  M.A.    Cr.  Svo. 

[In  preparation. 

GARDNER.— SAMOS  AND  SAMIAN  COINS.     An  Essay.     By  PERCY  GARDNER, 
Litt.D.,  Professor  of  Archaeology  in  the  University  of  Oxford.    With  Illustra- 
tions.   Svo.    7s.  6d. 
GEDDES.— THE  PROBLEM  OF  THE  HOMERIC  POEMS.     By  W.  D.  GEDDES, 

Principal  of  the  University  of  Aberdeen.    Svo.    14s. 
GLADSTONE.— Works  by  the  Rt.  Hon.  W.  E.  GLADSTONE,  M.P. 
THE  TIME  AND  PLACE  OF  HOMER.     Cr.  Svo.     6s.  6d. 
A  PRIMER  OF  HOMER.     18mo.     Is. 

GOW.— A  COMPANION  TO  SCHOOL  CLASSICS.  By  JAMES  Gow,  Litt.D., 
Master  of  the  High  School,  Nottingham.  With  Illustrations.  2d  Ed.,  revised. 
Cr.  Svo.  6s. 

HARRISON  AND  VERRALL.— MYTHOLOGY  AND  MONUMENTS  OF  ANCIENT 
ATHENS.  Translation  of  a  portion  of  the  "Attica"  of  Pausanias.  By 
MARGARET  DE  G.  VERRALL.  With  Introductory  Essay  and  Archaeological 
Commentary  by  JANE  E.  HARRISON.  With  Illustrations  and  Plans.  Cr. 
Svo.  16s. 
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JKBB.— Works  by  R.  C.  JEBB,  Litt.D.,  Professor  of  Greek  in  the  University  of 

Cambridge. 

THE  ATTIC  ORATORS  FROM  ANTIPHON  TO  ISAEOS.     2  vols.     8vo.     25s. 
A  PRIMER  OF  GREEK  LITERATURE.     18mo.     Is. 

(See  also  Classical  Series.) 
KIEPERT.— MANUAL    OF     ANCIENT     GEOGRAPHY.       By    Dr.    H     KIE- 

PERT.    Cr.  8vo.    5s. 

LANCIANI.— ANCIENT  ROME  IN  THE  LIGHT  OF  RECENT  DISCOVERIES.— 
By  RODOLFO  LANCIANI,  Professor  of  Archaeology  fn  the  University  of  Rome. 
Illustrated.     4to.     24s. 
MAHATFY.— Works  by  J.  P.  MAHAFFY,  D.D.,  Fellow  of  Trinity  College,  Dublin, 

and  Professor  of  Ancient  History  in  the  University  of  Dublin. 
SOCIAL  LIFE  IN  GREECE  ;  from  Homer  to  Menander.    Cr.  8vo.    9s. 
GREEK  LIFE  AND  THOUGHT ;  from  the  Age  of  Alexander  to  the  Roman 

Conquest.     Cr.  8vo.     12s.  6d. 

THE  GREEK  WORLD  UNDER  ROMAN  SWAY.     From  Plutarch  to  Polybius. 

Cr.  8vo.  [In  the  Press. 

RAMBLES  AND  STUDIES  IN  GREECE.     With  Illustrations.    With  Map.    Cr, 

8vo.     10s.  6d. 

A  HISTORY  OF  CLASSICAL  GREEK  LITERATURE.  In  2  vols.  Cr.  8vo. 
Vol.  I.  The  Poets,  with  an  Appendix  on  Homer  by  Prof.  SAYCE.  9s.  Vol. 
II.  The  Prose  Writers.  In  two  parts. 

A  PRIMER  OF  GREEK  ANTIQUITIES.     With  Illustrations.    18mo.    Is. 
EURIPIDES.     18mo.     Is.  6d.    (Classical  Writers.) 

MAYOR.— BIBLIOGRAPHICAL    CLUE    TO    LATIN    LITERATURE.    Edited 
after  HtfBNER.     With  large  Additions.     By  Prof.  JOHN  E.  B.  MAYOR.     Cr.  8vo 
10s.  6d. 
NEWTON.-ESSAYS  IN  ART  AND  ARCHEOLOGY.    By  Sir  CHARLES  NEWTON, 

K.C.B.,  D.C.L.     8vo.     12s.  6d. 
SAYCE.— THE  ANCIENT  EMPIRES  OF  THE  EAST.     By  A.  H.  SAYCE,  M.A., 

Deputy-Professor  of  Comparative  Philosophy,  Oxford.    Cr.  8vo.     6s. 
SHUCKBURGH.— A  SCHOOL  HISTORY  OF  ROME.     By  E.  S.  SHUCKBURGH, 
M.A.     Cr.  8vo.  [In  preparation. 

STEWART.— THE  TALE  OF  TROY.    Done  into  English  by  AUBREY  STEWART. 

Gl.  8vo.     3s.  6d. 

WALDSTEIN.— CATALOGUE  OF  CASTS  IN  THE  MUSEUM  OF  CLASSICAL 
ARCHEOLOGY,  CAMBRIDGE.  By  CHARLES  WALDSTEIN,  University  Reader 
in  Classical  Archaeology.  Cr.  8vo.  Is.  6d. 

***  Also  an  Edition  on  Large  Paper,  small  4to.    5s. 
WILKINS.— Works  by  Prof.  WILKINS,  Litt.D.,  LL.D. 
A  PRIMER  OF  ROMAN  ANTIQUITIES.    Illustrated.    18mo.    Is. 
A  PRIMER  OF  ROMAN  LITERATURE.     18mo.     Is. 

WILKINS  AND  ARNOLD.-A  MANUAL  OF  ROMAN  ANTIQUITIES.  By 
Prof.  A.  S.  WILKINS,  Litt.D.,  and  W.  T.  ARNOLD,  M.A.  Cr.  8vo.  Illustrated. 

[In  preparation. 

MODERN   LANGUAGES   AND 
LITERATURE. 

English ;  French ;  German ;  Modern  Greek ;  Italian ;  Spanish. 

ENGLISH. 

ABBOTT.— A  SHAKESPEARIAN  GRAMMAR  An  Attempt  to  Illustrate  some 
of  the  Differences  between  Elizabethan  and  Modern  English.  By  the  Rev.  B. 
A.  ABBOTT,  D.D.,  formerly  Headmaster  of  the  City  of  London  School.  Ex. 
fcap.  8vo.  6s. 

BACON.— ESSAYS.  With  Introduction  and  Notes,  by  F.  G.  SELBY,  M.A.,  Profes- 
sor of  Logic  and  Moral  Philosophy,  Deccan  College,  Poona.  Gl.  8vo.  8s.  6d. 
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BURKE.—  REFLECTIONS  ON  THE  FRENCH  REVOLUTION.  By  the  same. 
Gl.  8vo.  [In  July. 

BROOKE.— PRIMER    OF   ENGLISH    LITERATURE.    By  Rev.   STOPFORD  A. 

BROOKE,  M.A.     18mo.     Is. 
EARLY  ENGLISH  LITERATURE.   By  the  same.    2  vols.  8vo.    [In  preparation. 

BUTLER.— HUDIBRAS.  With  Introduction  and  Notes,  by  ALFRED  MILNES, 
M.A.  Ex.  fcap.  8vo.  Part  I.  3s.  6d.  Parts  II.  and  III.  4s.  6d. 

CAMPBELL.— SELECTIONS.  With  Introduction  and  Notes,  by  CECIL  M. 
BARROW,  M.A.,  Principal  and  Professor  of  English  and  Classics,  Doveton 
College,  Madras.  Gl.  8vo.  [In  preparation. 

COWPER.— THE  TASK  :  an  Epistle  to  Joseph  Hill,  Esq.  ;  TIROCINIUM,  or  a  Re- 
view of  the  Schools  ;  and  THE  HISTORY  OF  JOHN  GILPIN.    Edited,  with  Notes, 
by  W.  BENHAM,  B.D.     Gl.  8vo.     Is.    (Globe  Readings  from  Standard  Authors.) 
THE  TASK.    With  Introduction  and  Notes,  by  F.  J.  ROWE,  M.A.,  and  W.  T. 
WEBB,  M.A.,  Professors  of  English  Literature,  Presidency  College,  Calcutta. 

[In  preparation. 

DOWDEN.— SHAKESPERE.    By  Prof.  DOWDEN.    18mo.    Is. 

DRYDEN.— SELECT  PROSE  WORKS.  Edited,  with  Introduction  and  Notes,  by 
Prof.  C.  D.  YONGE.  Fcap.  8vo.  2s.  6d. 

GLOBE  READERS.  For  Standards  I. -VI.  Edited  by  A.  F.  MURISON.  Illustrated. 
Gl.  8vo. 


Primer    I.    (48  pp.)  3d. 

Primer  II.    (48  pp.)  3d. 

Book       I.    (96pp.)  6d. 

Book     II.  (136  pp.)  9d. 


Book  III.  (232  pp.)  Is.  3d. 

Book  IV.  (328  pp.)  Is.  9d. 

Book    V.  (416  pp.)  2s. 

Book  VI.  (448  pp.)  2s.  6d. 


*THE  SHORTER  GLOBE  READERS.— Illustrated.    Gl.  8vo. 


Primer       I.    (48  pp.)  3d. 

Primer     II.    (48  pp.)  3d. 

Standard    I.    (92  pp.)  6d. 

Standard  II.  (124  pp.)  9d. 


Standard  III.  (178  pp.)  Is. 
Standard  IV.  (182  pp.)  Is. 
Standard     V.  (216  pp.)  Is.  3d. 
Standard  VI.  (228  pp.)  Is.  6d. 


*  This  Series  has  been  abridged  from  "The  Globe  Readers  "  to  meet  the  demand 
for  smaller  reading  books. 
GOLDSMITH.— THE  TRAVELLER,  or  a  Prospect  of  Society ;  and  the  DESERTED 

VILLAGE.    With  Notes,  Philological  and  Explanatory,  by  J.  W.  HALES,  M.A.  • 

Cr.  8vo.    6d. 
THE  VICAR  OF  WAKEFIELD.     With    a  Memoir  of   Goldsmith,  by  Prof. 

MASSON.    Gl.  8vo.    Is.     (Globe  Readings  from  Standard  Authors.) 
SELECT   ESSAYS.     With   Introduction   and   Notes,    by  Prof.  C.  D.  YONGE. 

Fcap.  8vo.     2s.  6d. 
THE  TRAVELLER  AND  THE  DESERTED  VILLAGE.     With  Introduction  and 

Notes.    By  A.  BARRETT,  B.A.,  Professor  of  English  Literature,  Elphinstone 

College,  Bombay.    Gl.  8vo.    Is.  6d. 

THE  VICAR  OF  WAKEFIELD.    With  Introduction  and  Notes.    By  H.  LITTLE- 
DALE,  B.A.,  Professor  of  History  and  English  Literature,  Baroda  College.    Gl. 

8vo.  [In  preparation. 

GOSSE.— A  HISTORY  OF  EIGHTEENTH  CENTURY  LITERATURE  (1660-1780). 

By  EDMUND  GOSSE,  M.A.    Cr.  8vo.    7s.  6d. 
GRAY.— POEMS.    With   Introduction  and  Notes,  by  JOHN   BRADSHAW,  LL.D. 

Gl.  8vo.  [In  preparation. 

HALES.— LONGER  ENGLISH  POEMS.     With  Notes,  Philological  and  Explana 

tory,  and  an  Introduction  on  the  Teaching  of  English,  by  J.  W.  HALES,  M.A., 

Professor  of  English  Literature  at  King's  College,  London.  Ex.  fcap.  8vo.  4s.  6d. 
HELPS.— ESSAYS   WRITTEN    IN    THE    INTERVALS  OF  BUSINESS.     With 

Introduction  and  Notes,   by  F.  J.  ROWE,   M.A.,  and  W.   T.  WEBB,   M.A., 

Gl.  8vo.     2s.  6d. 
JOHNSON.— LIVES  OF  THE  POETS.     The  Six  Chief  Lives  (Milton,  Dryden, 

Swift,  Addison,  Pope,  Gray),  with  Macaulay's  "  Life  of  Johnson."    With  Pre- 
face and  Notes  by  MATTHEW  ARNOLD.    Cr.  8vo.    4s.  6d. 
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LAMB.— TALES  FROM    SHAKSPEARE.      With  Preface  by  the   Rev.  CANON 

AINGER,  M.A.,  LL.D.     Gl.  8vo.     2s.    (Globe  Readings  from  Standard  Authors.) 
LITERATURE    PRIMERS.— Edited  by  JOHN  RICHARD   GREEN,   LL.D.     ISrao. 

Is.  each. 

ENGLISH  GRAMMAR.    By  Rev.  R.  MORRIS,  LL.D. 
ENGLISH   GRAMMAR   EXERCISES.      By  R.   MORRIS,   LL.D.,  and    H.  0. 

Bo  WEN,  M.A. 
EXERCISES  ON  MORRIS'S  PRIMER  OF  ENGLISH  GRAMMAR.      By  J. 

WETHERELL,  M.A. 

ENGLISH  COMPOSITION.    By  Professor  NICHOL. 
QUESTIONS   AND  EXERCISES  ON  ENGLISH  COMPOSITION.      By  Prof. 

NICHOL  and  W.  S.  M'CORMICK. 

ENGLISH  LITERATURE.    By  STOPFORD  BROOKE,  M.A. 
SHAKSPERE.    By  Professor  DOWDEN. 
THE    CHILDREN'S    TREASURY    OF    LYRICAL    POETRY.      Selected  and 

arranged  with  Notes  by  FRANCIS  TURNER  PALGRAVE.    In  Two  Parts.    Is.  each. 
PHILOLOGY.    By  J.  PEILE,  Litt.D. 

ROMAN  LITERATURE.     By  Prof.  A.  S.  WILKINS,  Litt.D. 
GREEK  LITERATURE.     By  Prof.  JEBB,  Litt.D. 
HOMER.    By  the  Rt.  Hon.  W.  E.  GLADSTONE,  M.P. 

A  HISTORY  OF  ENGLISH  LITERATURE  IN  FOUR  VOLUMES.    Or.  8vo. 
EARLY  ENGLISH  LITERATURE.  By  STOPFORD  BROOKE,  M.A.  [In preparation. 
ELIZABETHAN  LITERATURE.  (1560-1665.)  By  GEORGE  SAINTSBURY.    7s.  6d. 
EIGHTEENTH  CENTURY  LITERATURE.     (1660-1780.)    By  EDMUND  GOSSE, 

M.A.     7s.  6d. 

THE  MODERN  PERIOD.     By  Prof.  DOWDEN.  [In  preparation. 

MACMILLAN'S  READING  BOOKS. 


PRIMER.     18mo.     48pp.    2d. 
BOOK  I.  for  Standard  I.    96  pp.    4d. 
BOOK  II.  for  Standard  II.     144  pp. 

5d. 
BOOK   III.  for  Standard   III.     160 

pp.    6d. 


BOOK  IV.  for  Standard  IV.     176  pp. 

8d. 
BOOK   V.  for  Standard   V.      380  pp. 

Is. 
BOOK  VI.  for  Standard  VI.     Cr.  8vo. 

430  pp.     2s. 

Book  VI.  is  fitted  for  Higher  Classes,  and  as  an  Introduction  to  English  Liter- 
ature. 

MACMILLAN'S    COPY  BOOKS.— 1.   Large  Post  4to.    Price  4d.  each.     2.  Post 
Oblong.    Price  2d.  each. 

1.  INITIATORY  EXERCISES  AND  SHORT  LETTERS. 

2.  WORDS  CONSISTING  OF  SHORT  LETTERS. 

*3.  LONG  LETTERS.    With  Words  containing  Long  Letters— Figures. 

*4.  WORDS  CONTAINING  LONG  LETTERS. 

4a.  PRACTISING  AND  REVISING  COPY-BOOK.    For  Nos.  1  to  4. 

*5.  CAPITALS  AND  SHORT  HALF-TEXT.    Words  beginning  with  a  Capital. 

*6.  HALF-TEXT  WORDS  beginning  with  Capitals— Figures. 

*7.  SMALL-HAND  AND  HALF-TEXT.    With  Capitals  and  Figures. 

*8.  SMALL-HAND  AND  HALF-TEXT.    With  Capitals  and  Figures. 

8a.  PRACTISING  AND  REVISING  COPY-BOOK.    For  Nos.  5  to  8. 

*9.  SMALL-HAND  SINGLE  HEADLINES— Figures. 

10.  SMALL-HAND  SINGLE  HEADLINES— Figures. 

11.  SMALL-HAND  DOUBLE  HEADLINES — Figures. 

12.  COMMERCIAL  AND  ARITHMETICAL  EXAMPLES,  &c. 

12a.  PRACTISING  AND  REVISING  COPY-BOOK.     For  Nos.  8  to  12. 

*  These  numbers  may  le  had  with  Goodman's  Patent  Sliding  Copies.     Large  Post 

4to.     Price  6d.  each. 
MARTIN.— THE  POET'S  HOUR  :  Poetry  selected  and  arranged  for  Children.    By 

FRANCES  MARTIN.     18mo.     2s.  6d. 
SPRING-TIME  WITH  THE  POETS.    By  the  same.    ISmo.    3s.  6d. 


16  MODERN  LANGUAGES  AND  LITERATURE 

MILTON.— PARADISE  LOST.    Books  I.  and  II.    With  Introduction  and  Notes, 
by  MICHAEL    MACMILLAN,   B.A.,  Professor  of  Logic  and  Moral  Philosophy, 
Elphinstone  College,  Bombay.     Gl.  8vo.     2s.  6d.     Or  separately,  Is.  6d.  each. 
L' ALLEGRO,  IL  PENSEROSO  LYCIDAS,  ARCADES,  SONNETS,  &c.     With 
Introduction  and  Notes,   by  W.   BELL,  M.A.,  Professor  of  Philosophy  and 
Logic,  Government  College,  Lahore.    Gl.  8vo.    2s. 
COMUS.     By  the  same.     Gl.  8vo.     Is.  6d. 

SAMSON  AGONISTES.    By  H.  M.  PERCIVAL,  M.  A.,  Professor  of  English  Liter- 
ature, Presidency  College,  Calcutta.    Gl.  8vo.    2s.  6d. 
INTRODUCTION  TO  THE  STUDY  OF  MILTON.      By  STOPFORD  BROOKE, 

M.A.     Fcap.  8vo.     Is.  6d.    (Classical  Writers.) 

MORLEY.— ON  THE  STUDY  OF  LITERATURE.  Address  to  the  Students  of 
the  London  Society  for  the  Extension  of  University  Teaching,  delivered  at  the 
Mansion  House,  February  26, 1887.  By  JOHN  MORLEY.  Gl.  8vo,  cloth.  Is.  6d. 

*  Also  a  Popular  Edition  in  Pamphlet  form  for  Distribution,  price  2d. 
APHORISMS.    Address  delivered  before  the  Philosophical  Society  of  Edinburgh, 

November  11,  1887.    By  the  same.     Gl.  8vo.    Is.  6d. 
MORRIS.— Works  by  the  Rev.  R.  MORRIS,  LL.D. 
PRIMER  OF  ENGLISH  GRAMMAR.     18mo.    Is 

ELEMENTARY  LESSONS  IN  HISTORICAL  ENGLISH  GRAMMAR,  con- 
taining Accidence  and  Word  Formation.  18mo.  2s.  6d. 

HISTORICAL  OUTLINES  OF  ENGLISH  ACCIDENCE,  comprising  Chapters 
on  the  History  and  Development  of  the  Language,  and  on  Word  Formation. 
Ex.  fcap.  8vo.  6s. 

MORRIS   AND  KELLNER.— HISTORICAL   OUTLINES  OF   ENGLISH   SYN- 

TAX.    By  Rev.  R.  MORRIS  and  Dr.  L.  KELLNER.  [In  preparation. 

NICHOL.— A  SHORT  HISTORY  OF  ENGLISH  LITERATURE.     By  Prof.  JOHN 

NICHOL.     Gl.  8vo.  [In  preparation. 

OLIPHANT.— THE    OLD    AND    MIDDLE    ENGLISH.      By    T.    L.    KINGTON 

OLIPHANT.    New  Ed.,  revised   and   enlarged,  of  "The  Sources  of  Standard 

English."    Gl.  8vo.    9s. 

THE  NEW  ENGLISH.    By  the  same.    2  vols.    Cr.  8vo.    21s. 
PALGRAVE.  — THE     CHILDREN'S    TREASURY    OF    LYRICAL    POETRY. 
Selected  and  arranged,  with  Notes,  by  FRANCIS  T.  PALGRAVE.    18mo.    2s.  6d. 
Also  in  Two  Parts.    Is.  each. 

PATMORE.  — THE  CHILDREN'S  GARLAND  FROM  THE  BEST  POETS. 
Selected  and  arranged  by  COVENTRY  PATMORE.  Gl.  8vo.  2s.  (Globe  Readings 
from  Standard  Authors.) 

PLUTARCH. — Being  a  Selection  from  the  Lives  which  illustrate  Shakespeare. 
North's  Translation.  Edited,  with  Introductions,  Notes,  Index  of  Names, 
and  Glossarial  Index,  by  Prof.  W.  W.  SKEAT,  Litt.D.  Cr.  8vo.  6s. 
RANSOME.  —  SHORT  STUDIES  OF  SHAKESPEARE'S  PLOTS.  By  CYRIL 
RANSOME,  Professor  of  Modern  History  and  Literature,  Yorkshire  College, 
Leeds.  Cr.  8vo.  3s.  6d.  • 

RYL AND.— CHRONOLOGICAL    OUTLINES    OF    ENGLISH    LITERATURE. 

By  F.  RYLAND,  M.A.     Cr.  8vo.  [In  the  Press. 

SAINTSBURY.— A  HISTORY  OF  ELIZABETHAN  LITERATURE.     1560-1665. 

By  GEORGE  SAINTSBURY.    Cr.  8vo.    7s.  6d. 

SCOTT.— LAY  OF  THE  LAST  MINSTREL,  and  THE  LADY  OF  THE  LAKE. 
Edited,  with  Introduction  and  Notes,  by  FRANCIS  TURNER  PALGRAVE.  Gl.  8vo. 
Is.  (Globe  Readings  from  Standard  Authors.) 

THE  LAY  OF  THE  LAST  MINSTREL.    With  Introduction  and  Notes,  f;by 

G.    H.  STUART,  M.A.,  Professor  of  English  Literature,  Presidency  College, 

Madras.      Gl.    8vo.    Cantos    I.    to    III.    Is.    6d.     Introduction   and    Canto 

I.     9d. 

MARMION,  and  THE  LORD  OF  THE  ISLES.    By  F.  T.  PALGRAVE.    Gl.  Svo. 

Is.    (Globe  Readings  from  Standard  Authors.) 
MARMION.     With   Introduction   and   Notes,  by  MICHAEL  MACMILLAN,  B.A. 

Gl.  Svo.    3s.  6d. 
THE  LADY  OF  THE  LAKE.      By  G.  H.  STUART,  M.A.  [In  the  Press. 
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BOKEBY.     With    Introduction    and    Notes,   by  MICHAEL    MACMILLAN,    B.A. 

Gl.  8vo.    3s.  6d. 
SHAKESPEARE.— A  SHAKESPEARIAN  GRAMMAR.    By  Rev.  E.  A.  ABBOTT, 

D.D.    Gl.  8vo.    6s. 
A  SHAKESPEARE  MANUAL.    By  F.  G.  FLEAY,  M.A.    2d  Ed.    Ex.  fcap.  Svo. 

4s.  6d. 

PRIMER  OF  SHAKESPERE.    By  Prof.  DOWDEN.    18mo.    Is. 
SHORT  STUDIES  OF  SHAKESPEARE'S  PLOTS.    By  CYRIL  RANSOM  E,  M.A. 

Or.  Svo.     3s.  6d. 
THE  TEMPEST.    With  Introduction  and  Notes,  by  K.  DEIGHTON,  late  Principal 

of  Agra  College.    Gl.  Svo.    Is.  6d. 

MUCH  ADO  ABOUT  NOTHING.    By  the  same.    Gl.  Svo.    2s. 
THE  MERCHANT  OF  VENICE.     By  the  same.     Gl.  Svo.     Is.  6d. 
TWELFTH  NIGHT.    By  the  same.    Gl.  Svo.    Is.  6d. 
THE  WINTER'S  TALE.    By  the  same.    Gl.  Svo.    2s.  6d. 
RICHARD  II.    By  the  same.    Gl.  Svo.  [In  August. 

KING  JOHN.    By  the  same.    Gl.  Svo.  [In  preparation. 

HENRY  V.    By  the  same.     Gl.  Svo.     2s. 
RICHARD  III.     By  C.  H.  TAWNEY,  M.A.,  Principal  and  Professor  of  English 

Literature,  Presidency  College,  Calcutta.    Gl.  Svo.    2s.  6d. 
JULIUS  CJ5SAR.    By  K.  DEIGHTON.    Gl.  Svo.    2s. 
MACBETH.    By  the  same.    Gl.  Svo.    Is.  6d. 
OTHELLO.    By  the  same.    Gl.  Svo.    2s.  6d. 
CYMBELINE.    By  the  same.    Gl.  Svo.    2s.  6d. 
SONNENSCHEIN     AND     MEIKLE JOHN.  —  THE     ENGLISH    METHOD    OF 

TEACHING  TO  READ.     By  A.  SONNENSCHEIN  and  J.  M.  D.  MEIKLEJOHN, 

M.A.    Fcap.  Svo. 

COMPRISING  : 

THE  NURSERY  BOOK,  containing  all  the  Two -Letter  Words  in  the  Lan- 
guage.   Id.    (Also  in  Large  Type  on  Sheets  for  School  Walls.    5s.) 
THE  FIRST  COURSE,  consisting  of  Short  Vowels  with  Single  Consonants.   7d. 
THE  SECOND  COURSE,  with  Combinations  and  Bridges,  consisting  of  Short 

Vowels  with  Double  Consonants.    7d. 
THE  THIRD  AND  FOURTH  COURSES,  consisting  of  Long  Vowels,  and  all 

the  Double  Vowels  in  the  Language.    7d. 
SOUTHEY.— LIFE  OF  NELSON.     With  Introduction  and  Notes,  by  MICHAEL 

MACMILLAN,  B.A.    Gl.  Svo.    3s.  6d. 

TAYLOR.— WORDS  AND  PLACES ;  or,  Etymological  Illustrations  of  History, 
Ethnology,  and  Geography.      By  Rev.  ISAAC  TAYLOR,  Litt.D.     With  Maps. 
Gl.  Svo.    6s. 
TENNYSON.— THE  COLLECTED  WORKS  OF  LORD  TENNYSON.    An  Edition 

for  Schools.    In  Four  Parts.    Cr.  Svo.    2s.  6d.  each. 

TENNYSON  FOR  THE  YOUNG.     Edited,  with  Notes  for  the  Use  of  Schools, 
by  the  Rev.  ALFRED  AINGER,  LL.D.,  Canon  of  Bristol.  [In  preparation. 

SELECTIONS  FROM  TENNYSON.     With  Introduction  and  Notes,  by  F.  J. 
ROWE,  M.A.,  and  W.  T.  WEBB,  M.A.    Gl.  Svo.    3s.  6d. 

This  selection  contains  : — Recollections  of  the  Arabian  Nights,  The  Lady  of 

Shalott,  Oenone,  The  Lotos  Eaters,  Ulysses,  Tithonus,  Morte  d' Arthur,  Sir 

Galahad,   Dora,   Ode  on  the  Death  of  the  Duke  of   Wellington,   and  The 

Revenge. 

THRINGK—  THE  ELEMENTS  OF  GRAMMAR  TAUGHT   IN  ENGLISH.      By 

EDWARD  THRING,  M.A.    With  Questions.    4th  Ed.    18mo.    2s. 
VAUGHAN.— WORDS  FROM  THE  POETS.    By  C.  M.  VAUGHAN.    ISmo.     Is. 
WARD.— THE  ENGLISH  POETS.     Selections,  with   Critical  Introductions  by 
various  Writers  and  a  General  Introduction  by  MATTHEW  ARNOLD.    Edited 
by  T.  H.  WARD,  M.A.    4  Vols.    Vol.  I.  CHAUCER  TO  DONNE.— Vol.  II.  BEN 
JONSON  TO  DRYDEN.— Vol.  III.  ADDISON  TO  BLAKE.— Vol.  IV.  WORDSWORTH 
TO  ROSSETTI.    Cr.  Svo.    Each  7s.  6d. 
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WETHERELL.— EXERCISES  ON  MORRIS'S  PRIMER  OF  ENGLISH  GRAM.  I 
MAR.      By  JOHN  WETHERELL,  M.A.,  Headmaster  of  Towcester  Grammar  I 
School.    18mo.    Is. 
WOODS.— A  FIRST  POETRY  BOOK.     By  M.  A.  WOODS,  Head  Mistress  of  the  I 

Clifton  High  School  for  Girls.     Fcap.  8vo.     2s.  6d. 

A  SECOND  POETRY  BOOK     By  the  same.    In  two  Parts.    2s.  6d.  each. 
A  THIRD  POETRY  BOOK.     By  the  same.    4s.  6d. 

WORDSWORTH.— SELECTIONS.    With  Introduction  and  Notes,  by  WILLIAM 

WORDSWORTH,  B.A.,  Principal  and  Professor  of  History  and  Political  Economy, 

Elphinstone  College,  Bombay     Gl.  8vo.  [In  preparation. 

YONGE.— A  BOOK  OF  GOLDEN    DEEDS.     By  CHARLOTTE  M.    YONQE.     Gl. 

8vo.     2s. 
THE  ABRIDGED  BOOK  OF  GOLDEN  DEEDS.     18mo.     Is. 

4  FRENCH. 

BEAUMARCHAIS.—  LE   BARBIER    DE    SEVILLE.      With    Introduction    and 

Notes.    By  L.  P.  BLOUET.    Fcap.  8vo.    3s.  6d. 
BOWEN.— FIRST  LESSONS  IN  FRENCH.    By  H.   COURTHOPE  BOWEN,   M.A. 

Ex.  fcap.  8vo.    Is. 
BREYMANN.— Works  by  HERMANN  BREYMANN,  Ph.D.,  Professor  of  Philology  in  ! 

the  University  of  Munich. 
A  FRENCH  GRAMMAR  BASED  ON  PHILOLOGICAL  PRINCIPLES.     Ex. 

fcap.  8vo.    4s.  6d. 

FIRST  FRENCH  EXERCISE  BOOK.     Ex.  fcap.  8vo.    4s.  6d. 
SECOND  FRENCH  EXERCISE  BOOK.     Ex.  fcap.  8vo.     2s.  6d. 
FASNACHT.— Works  by  G.  E.  FASNACHT,  late  Assistant  Master  at  Westminster. 
THE  ORGANIC  METHOD  OF  STUDYING  LANGUAGES.    Ex.  fcap.  8vo.     1. 

French.    3s.  6d. 

A  SYNTHETIC  FRENCH  GRAMMAR  FOR  SCHOOLS.    Cr.  8vo.    3s.  6d. 
GRAMMAR    AND  GLOSSARY  OF  THE  FRENCH    LANGUAGE    OF    THE 

SEVENTEENTH  CENTURY.     Cr.  8vo.  (In  preparation. 

MACMILLAN'S  PRIMARY  SERIES  OF  FRENCH  READING  BOOKS.— Edited  by 

G.  E.   FASNACHT.     With  Illustrations,  Notes,  Vocabularies,  and  Exercises. 

Gl.  8vo. 

CORNAZ— NOS  ENFANTS  ET  LEURS  AMIS.    By  EDITH  HARVEY.    Is.  6d. 
DE  MAISTRE— LA  JEUNE  SIBERIENNE  ET  LE  LEPREUX  DE  LA  CITE 

D'AOSTE.    By  STEPHANE  BARLET,  B.Sc.  &c.    Is.  6d. 
FLORI AN— FABLES.    By  Rev.  CHARLES  YELD,  M.  A. ,  Headmaster  of  University 

School,  Nottingham.    Is.  6d. 
LA  FONTAINE— A  SELECTION  OF  FABLES.    By  L.  M.  MORIARTY,  B.A., 

Assistant  Master  at  Harrow.     2s.  6d. 
MOLESWORTH— FRENCH    LIFE    IN  LETTERS.      By  Mrs.    MOLESWORTH. 

Is.  6d. 

PERRAULT— CONTES  DE  FEES.    By  G.  E.  FASNACHT.    Is.  6d. 
MACMILLAN'S  PROGRESSIVE  FRENCH  COURSE.-By  G.  E.  FASNACHT.    Ex. 

fcp.  8vo. 

FIRST  YEAR,  containing  Easy  Lessons  on  the  Regular  Accidence.    Is. 
SECOND  YEAR,   containing  an  Elementary  Grammar  with   copious  Exercises 

Notes,  and  Vocabularies.    2s. 
THIRD  YEAR,   containing  a  Systematic  Syntax,  and  Lessons  in  Composition. 

2s.  6d. 
THE  TEACHER'S  COMPANION  TO  MACMILLAN'S  PROGRESSIVE  FRENCH 

COURSE.    With  Copious  Notes,  Hints  for  Different  Renderings,  Synonyms, 

Philological  Remarks,  etc.    By  G.  E.  FASNACHT.    Ex.  fcap.  8vo.    Each  Year 

4s.  6d. 
MACMILLAN'S    FRENCH    COMPOSITION.— By    G.   E.  FASNACHT.     Ex.    fcap. 

8vo.     Part  I.  Elementary.     2s.  6d.     Part  II.     Advanced.  [In  the  Press. 

THE  TEACHER'S  COMPANION  TO  MACMILLAN'S  COURSE  OF  FRENCH 

COMPOSITION.    By  G.  E.  FASNACHT.    Part  I.    Ex.  fcap.  8vo.    4s.  6d. 
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MACMILLAN'S  PROGRESSIVE  FRENCH  READERS.    By  G.  B.  FASNACHT.    Ex. 

fcap.  8vo. 
FIRST  YEAB,  containing  Tales,  Historical  Extracts,  Letters,  Dialogues,  Ballads, 

Nursery  Songs,  etc.,  with  Two  Vocabularies :  (1)  in  the  order  of  subjects ; 

(2)  in  alphabetical  order.    With  Imitative  Exercises.    2s.  6d. 
SECOND  YEAR,  containing  Fiction  in  Prose  and  Verse,  Historical  and  Descriptive 

Extracts,  Essays,  Letters,  Dialogues,  etc.    With  Imitative  Exercises.    2s.  6d. 
MACMILLAN'S  FOREIGN  SCHOOL  CLASSICS.    Edited  by  G.  E.   FASNACHT. 

18mo. 

CORNEILLE— LE  CID.    By  G.  E.  FASNACHT.    Is. 
DUMAS— LES  DEMOISELLES  DE  ST.  CYR.    By  VICTOR  OGER,  Lecturer  at 

University  College,  Liverpool.    Is.  6d. 
LA  FONTAINE'S  FABLES.     Books  I.— VI.      By  L.    M.    MORIARTY,    B.A., 

Assistant  Master  at  Harrow.  [In.  preparation. 

MOLIERE— L'AVARE.    By  the  same.    Is. 

MOLIERE— LE  BOURGEOIS  GENTILHOMME.    By  the  same.    Is.  6d. 
MOLIERE— LES  FEMMES  SAVANTES.    By  G.  E.  FASNACHT.    Is. 
MOLIERE— LE  MISANTHROPE.    By  the  same.    Is. 
MOLIERE— LE  MEDECIN  MALGRE  LUI.    By  the  same.    Is. 
RACINE— BRITANICUS.      By  E.    PELLISSIER,    M.A.,    Assistant    Master   at 

Clifton  College.    2s. 
FRENCH  READINGS  FROM  ROMAN  HISTORY.      Selected    from  various 

Authors,  by  C.  COLBECK,  M.A.,  Assistant  Master  at  Harrow.    4s.  6d. 
SAND,    GEORGE— LA   MARE  AU  DIABLE.      By   W.    E.    RUSSELL,    M.A., 

Assistant  Master  at  Haileybury.    Is. 
SANDEAU,  JULES— MADEMOISELLE    DE    LA  SEIGLIERE.      By  H.    C. 

STEEL,  Assistant  Master  at  Winchester.    Is.  6d. 
THIERS'S  HISTORY  OF  THE  EGYPTIAN  EXPEDITION.    By  Rev.   H.  A. 

BULL,  M.A.,  Assistant  Master  at  Wellington.  [In  preparation. 

VOLTAIRE— CHARLES  XII.    By  G.  E.  FASNACHT.    3s.  6d. 
MASSON.— A  COMPENDIOUS  DICTIONARY  OF  THE  FRENCH  LANGUAGE. 

Adapted  from  the  Dictionaries  of  Professor  A.  ELWALL.    By  GUSTAVE  MASSON. 

Cr.  8vo.    6s. 
MOLIERE.— LE  MALADE  IMAGINAIRE.    With  Introduction  and  Notes,  by  F. 

TARVER,  M.A.,  Assistant  Master  at  Eton.    Fcap.  8vo.    2s.  6d. 
PELLISSIER.— FRENCH    ROOTS    AND    THEIR    FAMILIES.      A   Synthetic 

Vocabulary,  based  upon  Derivations.     By  E.  PELLISSIER,  M.A.,  Assistant 

Master  at  Clifton  College.    Gl.  8vo.    6s. 

GERMAN. 

HUSS.— A    SYSTEM  OF  ORAL  INSTRUCTION  IN  GERMAN,  by  means  of 

Progressive  Illustrations  and  Applications  of  the  leading  Rules  of  Grammar. 

By  H.  C.  O.  Huss,  Ph.D.    Cr.  8vo.    5s. 
MACMILLAN'S  PROGRESSIVE  GERMAN  COURSE.    By  G.  E.  FASNACHT.    Ex. 

fcp.  8vo. 

FIRST  YEAR.    Easy  lessons  and  Rules  on  the  Regular  Accidence.    Is.  6d. 
SECOND  YEAR.    Conversational  Lessons  in  Systematic  Accidence  and  Elementary 

Syntax.      With    Philological    Illustrations    and    Etymological    Vocabulary. 

3s.  6d. 

THIRD  YEAR.  [In  the  Press. 

TEACHER'S  COMPANION  TO  MACMILLAN'S  PROGRESSIVE   GERMAN 

COURSE.    With  copious  Notes,  Hints  for  Different  Renderings,  Synonyms, 

Philological  Remarks,  etc.    By  G.  E.  FASNACHT.    Ex.  fcap.  8vo.    FIRST  YEAR. 

4s.  6d.    SECOND  YEAR.    4s.  6d. 
MACMILLAN'S  PROGRESSIVE  GERMAN  READERS.    By  G.  E.  FASNACHT.    Ex. 

fcap.  8vo. 
FIRST  YEAR,  containing  an  Introduction  to  the  German  order  of  Words,  with 

Copious  Examples,  extracts  from  German  Authors  in  Prose  and  Poetry;  Notes, 

and  Vocabularies.    2s.  6d. 
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MACMILLAN'S  PRIMARY  SERIES  OF  GERMAN  READING  BOOKS.    Edited 

by  G.  E.  FASNACHT.    With  Notes,  Vocabularies  and  Exercises.    Gl.  8vo. 
GRIMM— KINDER  UND  HAUSMARCHEN.    By  G.  E.  FASNACHT.    2s.  6d. 
HAUFF— DIE  KARA  VANE.     By  HERMAN  HAGEB,   Ph.D.,   Lecturer  in  the 

Owens  College,  Manchester.    3s. 

SCHMID,  CHR.  VON— H.  VON  EICHENFELS.    By  G.  E.  FASNACHT.    2s.  6d. 

MACMILLAN'S  FOREIGN  SCHOOL  CLASSICS.— Edited  by  G.  E.  FASNACHT.  18mo. 

FREYTAG  (G.).— DOKTOR  LUTHER.    By  F.  STORE,  M.A.,  Headmaster  of  the 

Modern  Side,  Merchant  Taylors'  School.  [In  preparation. 

GOETHE— GOTZ  VON  BERLICHINGEN.     By  H.  A.  BULL,  M.A.,  Assistant 

Master  at  Wellington.    2s. 
GOETHE— FAUST.    PART  L,  followed  by  an  Appendix  on  PART  II.    By  JANE 

LEE,  Lecturer  in  German  Literature  at  Newnham  College,  Cambridge.    4s.  6d. 
HEINE— SELECTIONS  FROM  THE  REISEBILDER  AND  OTHER  PROSE 

WORKS.    By  C.  COLBECK,  M.A.,  Assistant  Master  at  Harrow.    2s.  6d. 
LESSING— MINNA  VON  B ARNHELM.    By  JAMES  SIMB,  M.  A.  [In  preparation. 
SCHILLER— SELECTIONS  FROM  SCHILLER'S  LYRICAL  POEMS.     With  a 

Memoir  of  Schiller.    By  E.  J.  TURNER,  B.A.,  and  E.  D.  A.  MORSHEAD,  M.A. 

Assistant  Masters  at  Winchester.    2s.  6d. 

SCHILLER— DIE  JUNGFRAU  VON  ORLEANS.  By  JOSEPH  GOSTWICK.  2s.  6d. 
SCHILLER— MARIA  STUART.    By  C.  SHELDON,  D.Lit.,  of  the  Royal  Academ- 
ical Institution,  Belfast.    2s.  6d. 

SCHILLER— WILHELM  TELL.    By  G.  E.  FASNACHT.    2s.  6d. 
SCHILLER— WALLENSTEIN.    Part  I.  DAS  LAGER.    By  H.  B.  COTTERILL, 

M.A.     2s. 
UHLAND— SELECT  BALLADS.    Adapted  as  a  First  Easy  Reading  Book  for 

Beginners.    With  Vocabulary.    By  G.  E.  FASNACHT.    Is. 
PYLODET.— NEW  GUIDE  TO  GERMAN  CONVERSATION  ;  containing  an  Alpha- 

betical  List  of  nearly  800  Familiar  Words ;  followed  by  Exercises,  Vocabulary 

of  Words  in  frequent  use,  Familiar  Phrases  and  Dialogues,  a  Sketch  of  German 

Literature,  Idiomatic  Expressions,  etc.    By  L.  PYLODET.    18mo.    2s.  6d. 
WHITNEY.— A  COMPENDIOUS  GERMAN  GRAMMAR.    By  W.  D.  WHITNEY, 

Professor  of  Sanskrit  and  Instructor  in  Modern  Languages  in  Yale  College. 

Cr.  8vo.    4s.  6d. 
A  GERMAN  READER  IN  PROSE  AND  VERSE.    By  the  Same.    With  Notes 

and  Vocabulary.    Cr.  8vo.    5s. 
WHITNEY  AND    EDGREN.— A  COMPENDIOUS  GERMAN   AND  ENGLISH 

DICTIONARY,  with  Notation  of  Correspondences  and  Brief  Etymologies.    By 

Prof.  W.  D.  WHITNEY,  assisted  by  A.  H.  EDGREN.    Cr.  8vo.    7s.  6d. 
THE  GERMAN-ENGLISH  PART,  separately,  5s. 


MODERN  GREEK. 

VINCENT  AND  DICKSON.— HANDBOOK  TO  MODERN  GREEK.  By  Sir  EDGAR 
VINCENT,  K.C.M.G.,  and  T.  G.  DICKSON,  M.A.  With  Appendix  on  the  relation 
of  Modern  and  Classical  Greek  by  Prof.  JEBB.  Cr.  8vo.  6s. 


ITALIAN. 

DANTE.— THE  PURGATORY  OF  DANTE.  With  Translation  and  Notes,  by  A.  J. 
BUTLER,  M.A.  Cr.  8vo.  12s.  6d. 

THE  PARADISO  OF  DANTE.  With  Translation  and  Notes,  by  the  Same. 
Cr.  8vo.  12s.  6d. 

READINGS  ON  THE  PURGATORIO  OF  DANTE.  Chiefly  based  on  the  Com- 
mentary of  Benvenuto  Da  Imola.  By  the  Hon.  W.  WARREN  VERNON,  M.A. 
With  an  Introduction  by  the  Very  Rev  the  DEAN  OF  ST.  PAUL'S.  2  vols. 
Cr.  8vo.  24s. 
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CALDEBON.— FOUR  PLAYS  OF  CALDERON.    With  Introduction  and  Notes- 

By  NORMAN  MAcCoLL,  M.A.    Or.  8vo.    14s. 

The  four  plays  here  given  are  El  Principe  Constante,  La  Vida  es  Sueno,  El  Alcalde 
de  Zalamea,  and  El  Escondido  y  La  Tapada. 


MATHEMATICS. 

Arithmetic,  Book-keeping,  Algebra,  Euclid  and  Pure  Geometry,  Geometrical 
Drawing,  Mensuration,  Trigonometry,  Analytical  Geometry  (Plane  and 
Solid),  Problems  and  Questions  in  Mathematics,  Higher  Pure  Mathe- 
matics, Mechanics  (Statics,  Dynamics,  Hydrostatics,  Hydrodynamics :  see 
also  Physics),  Physics  (Sound,  Light,  Heat,  Electricity,  Elasticity,  Attrac< 
tions,  &c.),  Astronomy,  Historical. 

ARITHMETIC. 

ALDIS.— THE  GREAT  GIANT  ARITHMOS.     A  most  Elementary  Arithmetic 

for  Children.    By  MARY  STEADMAN  ALDIS.    Illustrated.     Gl.  8vo.     2s.  6d. 
ARMY  PRELIMINARY  EXAMINATION,  SPECIMENS  OP  PAPERS  SET  AT 

THE,   1882-89.— With  Answers  to  the  Mathematical  Questions.     Subjects: 

Arithmetic,    Algebra,    Euclid,    Geometrical    Drawing,    Geography,    French, 

English  Dictation.     Or.  8vo.    3s.  6d. 
BRADSHAW.— A  COURSE    OF   EASY  ARITHMETICAL    EXAMPLES    FOR 

BEGINNERS.    By  J.  G.  BRADSHAW,  B.A.,  Assistant  Master  at  Clifton  College. 

Gl.  8vo.     2s.     With  Answers,  2s.  6d. 
BROOKSMITH.— ARITHMETIC  IN  THEORY  AND  PRACTICE.    By  J.  BROOK. 

SMITH,  M.A.     Cr.  8vo.     4s.  6d. 
BROOKSMITH.— ARITHMETIC  FOR  BEGINNERS.    By  J.  and  E.  J.  BROOK- 

SMITH.    Gl.  8vo.     Is.  6d. 
OANDLER.— HELP  TO  ARITHMETIC.    Designed  for  the  use  of  Schools.    By  H. 

CANDLER,  Mathematical  Master  of  Uppingham  School.    2d  Ed.    Ex.  fcap.  8vo. 

2s.  6d. 
DALTON.— RULES  AND  EXAMPLES  IN  ARITHMETIC.    By  the  Rev.  T.  DAL. 

TON,  M.A.,  Assistant  Master  at  Eton.    New  Ed.,  with  Answers.    18mo.    2s.  6d. 
GOYEN— HIGHER    ARITHMETIC    AND    ELEMENTARY    MENSURATION. 

By  P.  GOYEN,  Inspector  of  Schools,  Dunedin,  New  Zealand.    Cr.  8vo.    5s. 
HALL  AND  KNIGHT.— ARITHMETICAL  EXERCISES  AND  EXAMINATION 

PAPERS.      With   an  Appendix  containing  Questions    in  LOGARITHMS  and 

MENSURATION.    By  H.  S.  HALL,  M.A.,  Master  of  the  Military  and  Engineering 

Side,  Clifton  College,  and  S.  R.  KNIQHT,  B.A.    Gl.  8vo.    2s.  6d. 
LOCK.— Works  by  Rev.  J.  B.  LOCK,  M.A.,  Senior  Fellow,  Assistant  Tutor  and 

Lecturer  in  Gonville  and  Caius  College,  Cambridge. 
ARITHMETIC  FOR  SCHOOLS.    With  Answers  and  1000  additional  Examples 

for  Exercise.      3d  Ed.,  revised.      Gl.  8vo.      4s.  6d.      Or  in  Two  Parts:— 

Part  I.    Up  to  and  including  Practice.    2s.      Part  II.  With  1000  additional 

Examples  for  Exercise.    3s.    KEY.    Cr.  8vo.    10s.  6d. 

ARITHMETIC  FOR  BEGINNERS.  A  School  Class-Book  of  Commercial  Arith- 
metic. Gl.  8vo.  2s.  6d.  KEY.  Cr.  8vo.  8s.  6d. 

A  SHILLING  CLASS-BOOK  OF  ARITHMETIC,  ADAPTED  FOR  USE  IN 
ELEMENTARY  SCHOOLS.  18mo.  Is.  With  Answers.  Is.  6d.  [In  July. 
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PEDLEY.— EXERCISES  IN  ARITHMETIC  for  the  Use  of  Schools.  Containing 
more  than  7000  original  Examples.  By  SAMUEL  PEDLEY.  Cr.  8vo.  5s. 

Also  in  Two  Parts,  2s.  6d.  each. 

SMITH. — Works  by  Rev.  BARNARD  SMITH,  M.A.,  late  Fellow  and  Senior  Bursar  of 
St.  Peter's  College,  Cambridge. 

ARITHMETIC  AND  ALGEBRA,  in  their  Principles  and  Application ;  with 
numerous  systematically  arranged  Examples  taken  from  the  Cambridge  Exam- 
ination Papers,  with  especial  reference  to  the  Ordinary  Examination  for  the 
B.A.  Degree.  New  Ed.,  carefully  revised.  Cr.  8vo.  10s.  6d. 

ARITHMETIC  FOR  SCHOOLS.     Cr.  8vo.    4s.  6d.      KEY.    Cr.  8vo.    4s.  6d. 

EXERCISES  IN  ARITHMETIC.  Cr.  8vo.  2s.  With  Answers,  2s.  6d.  An- 
swers separately,  6d. 

SCHOOL  CLASS-BOOK  OF  ARITHMETIC.  18mo.  3s.  Or  separately,  in 
Three  Parts,  Is.  each.  KEYS.  Parts  I.,  II.,  and  III.,  2s.  6d.  each. 

SHILLING  BOOK  OF  ARITHMETIC.  18mo.  Or  separately,  Part  I.,  2d. ; 
Part  II.,  3d. ;  Part  III.,  7d.  Answers,  6d.  KEY.  18mo.  4s.  6d. 

THE  SAME,  with  Answers.    18mo,  cloth.    Is.  6d. 

EXAMINATION  PAPERS  IN  ARITHMETIC.  18mo.  Is.  6d.  The  Same, 
with  Answers.  18mo.  2s.  Answers,  6d.  KEY.  18mo.  4s.  6d. 

THE  METRIC  SYSTEM  OF  ARITHMETIC,  ITS  PRINCIPLES  AND  APPLI- 
CATIONS, with  Numerous  Examples.  18mo.  3d. 

A  CHART  OF  THE  METRIC  SYSTEM,  on  a  Sheet,  size  42  in.  by  34  in.  on 
Roller.  3s.  6d.  Also  a  Small  Chart  on  a  Card.  Price  Id. 

EASY  LESSONS  IN  ARITHMETIC,  combining  Exercises  in  Reading,  Writing, 
Spelling,  and  Dictation.  Part  I.  Cr.  8vo.  9d. 

EXAMINATION  CARDS  IN  ARITHMETIC.    With  Answers  and  Hints. 

Standards  I.  and  II.,  in  box,  Is.  Standards  III.,  IV.,  and  V.,  in  boxes,  Is.  each. 
Standard  VI.  in  Two  Parts,  in  boxes,  Is.  each. 

A  and  B  papers,  of  nearly  the  same  difficulty,  are  given  so  as  to  prevent  copying, 
and  the  colours  of  the  A  and  B  papers  differ  in  each  Standard,  and  from  those  of 
every  other  Standard,  so  that  a  master  or  mistress  can  see  at  a  glance  whether  the 
children  have  the  proper  papers. 

BOOK-KEEPING. 

THORNTON.— FIRST  LESSONS  IN  BOOK-KEEPING.    By  J.  THORNTON.     Cr. 

8vo.     2s.  6d.    KEY.     Oblong  4to.     10s.  6d. 
PRIMER  OF  BOOK-KEEPING.    18mo.    Is.    KEY.  [Immediately. 

ALGEBRA. 

DALTON.— RULES  AND  EXAMPLES  IN  ALGEBRA.  By  Rev.  T.  DALTON, 
Assistant  Master  at  Eton.  Part  I.  18mo.  2s.  KEY.  Cr.  8vo.  7s.  6d. 
Part  II.  18mo.  2s.  6d. 

HALL  AND  KNIGHT.— Works  by  H.  S.  HALL,  M.A.,  Master  of  the  Military  and 

Engineering  Side,  Clifton  College,  and  S.  R.  KNIGHT,  B.A. 
ELEMENTARY  ALGEBRA  FOR  SCHOOLS.    5th  Ed.,  revised  and  corrected. 
Gl.  8vo,  bound  in  maroon  coloured  cloth,  3s.  6d. ;  with  Answers,  bound  in 
green  coloured  cloth,  4s.  6d.  [KEY.    In  the  Press. 

ALGEBRAICAL  EXERCISES  AND  EXAMINATION  PAPERS.     To  accom- 
pany ELEMENTARY  ALGEBRA.    2d  Ed.,  revised.     Gl.  8vo.    2s.  6d. 
HIGHER  ALGEBRA.     3d  Ed.    Cr.  8vo.     7s.  6d.     KEY.    Cr.  8vo.    10s.  6d. 

JONES  AND  CHEYNE.— ALGEBRAICAL  EXERCISES.  Progressively  Ar- 
ranged. By  Rev.  C.  A.  JONES  and  C.  H.  CHEYNE,  M.A.,  late  Mathematical 
Masters  at  Westminster  School.  18mo.  2s.  6d. 

KEY.    By  Rev.  W.  FAILES,  M.  A.,  Mathematical  Master  at  Westminster  School. 
Cr.  8vo.    7s.  6d. 
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SMITH.— ARITHMETIC  AND  ALGEBRA,  in  their  Principles  and  Application ; 
with  numerous  systematically  arranged  Examples  taken  from  the  Cambridge 
Examination  Papers,  with  especial  reference  to  the  Ordinary  Examination  for 
the  B.A.  Degree.  By  Rev.  BARNARD  SMITH,  M.A.  New  Edition,  carefully 
revised.  Cr.  8vo.  10s.  6d. 
SMITH.— Works  by  CHARLES  SMITH,  M.A.,  Master  of  Sidney  Sussex  College, 

Cambridge. 

ELEMENTARY  ALGEBRA.    2d  Ed.,  revised.     Gl.  8vo.    4s.  6d. 
A  TREATISE  ON  ALGEBRA,    Cr.  8vo.     7s.  6d.     KEY.     Cr.  Svo.     10s.  6d. 
TODHUNTEB.— Works  by  ISAAC  TODHUNTBR,  F.R.S. 

ALGEBRA  FOR  BEGINNERS.     18mo.     2s.  6d.     KEY.     Cr.  Svo.     6s.  6d. 
ALGEBRA  FOR  COLLEGES  AND  SCHOOLS.    Cr.  Svo.     7s.  6d.    KEY.     Cr. 
Svo.    10s.  6d. 

EUCLID  AND  PURE  GEOMETRY. 

COCKSHOTT  AND  WALTERS.— A  TREATISE  ON  GEOMETRICAL  CONICS. 
In  accordance  with  the  Syllabus  of  the  Association  for  the  Improvement  of 
Geometrical  Teaching.  By  A.  COCKSHOTT,  M.A.,  Assistant  Master  at  Eton ; 
and  Rev.  F.  B.  WALTERS,  M.A.,  Principal  of  King  William's  College,  Isle  of 
Man.  Cr.  Svo.  5s. 

CONSTABLE.— GEOMETRICAL  EXERCISES  FOR  BEGINNERS.  By  SAMUEL 
CONSTABLE.  Cr.  Svo.  3s.  6d. 

CUTHBERTSON.— EUCLIDIAN  GEOMETRY.  By  FRANCIS  CUTHBERTSON,  M.A., 
LL.D.  Ex.  fcap.  Svo.  4s.  6d. 

DAY.— PROPERTIES  OF  CONIC  SECTIONS  PROVED  GEOMETRICALLY. 
By  Rev.  H.  G.  DAY,  M.A.  Part  I.  The  Ellipse,  with  an  ample  collection  of 
Problems.  Cr.  Svo.  3s.  6d. 

DODGSON.— Works  by  CHARLES  L.  DODOSON,  M.  A.,  Student  and  late  Mathematical 

Lecturer,  Christ  Church,  Oxford. 

EUCLID,  BOOKS  I.  AND  II.     6th  Ed.,  with  words  substituted  for  the  Alge- 
braical Symbols  used  in  the  1st  Ed.    Cr.  Svo.    2s. 
EUCLID  AND  HIS  MODERN  RIVALS.     2d  Ed.     Cr.  Svo.     6s. 
CURIOSA  MATHEMATICA,     Part  I.     A  New  Theory  of  Parallels.     2d  Ed. 
Cr.  Svo.    2s. 

DREW.— GEOMETRICAL  TREATISE  ON  CONIC  SECTIONS.  By  W.  H. 
DREW,  M.A.  New  Ed.,  enlarged.  Cr.  Svo.  5s. 

DUPUIS.— ELEMENTARY  SYNTHETIC  GEOMETRY  OF  THE  POINT,  LINE, 
AND  CIRCLE  IN  THE  PLANE.  By  N.  F.  DUPUIS,  M.A.,  Professor  of  Pure 
Mathematics  in  the  University  of  Queen's  College,  Kingston,  Canada.  Gl.  Svo. 
4s.  6d. 

HALL  AND  STEVENS.— A  TEXT -BOOK  OF  EUCLID'S  ELEMENTS.  In- 
cluding Alternative  Proofs,  together  with  additional  Theorems  and  Exercises, 
»  classified  and  arranged.  By  H.  S.  HALL,  M.A.,  and  F.  H.  STEVENS,  M.A., 
Masters  of  the  Military  and  Engineering  Side,  Clifton  College.  Gl.  Svo.  Book 
I.,  Is. ;  Books  I.  and  II.,  Is.  6d. ;  Books  I.-IV.,  3s. ;  Books  III.-VL,  3s ;  Books 
I. -VI.  and  XL,  4s.  6d. ;  Book  XI.,  Is.  [KEY.  In  preparation. 

HALSTED.— THE  ELEMENTS  OF  GEOMETRY  By  G.  B.  HALSTED,  Professor 
of  Pure  and  Applied  Mathematics  in  the  University  of  Texas.  Svo.  12s.  6d. 

LOCK.— EUCLID  FOR  BEGINNERS.  Being  an  Introduction  to  existing  Text- 
books. By  Rev.  J.  B.  LOCK,  M.A.  [In  the  Press. 

MAULT.— NATURAL  GEOMETRY:   an  Introduction  to  the  Logical  Study  of 
Mathematics.     For  Schools  and  Technical  Classes.    With  Explanatory  Models 
based  upon  the  Tachymetrical  works  of  Ed.  Lagout.   By  A.  MAULT.   ISmo.   Is. 
Models  to  Illustrate  the  above,  in  Box,  12s.  6d. 

MILNE  AND  DAVIS.— GEOMETRICAL  CONICS.  Part  I.  The  Parabola.  By 
Rev.  J.  J.  MILNE,  M.A.,  and  R.  F.  DAVIS,  M.A.  Cr.  Svo.  [In  the  Press. 

SYLLABUS  OF  PLANE  GEOMETRY  (corresponding  to  Euclid,  Books  I.-VI.)— 
Prepared  by  the  Association  for  the  Improvement  of  Geometrical  Teaching. 
Cr.  Svo.  Is. 
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SYLLABUS  OF  MODERN  PLANE  GEOMETRY.— Prepared  by  the  Association 
for  the  Improvement  of  Geometrical  Teaching.  Or.  8vo.  Sewed.  Is. 

TODHUNTER.— THE  ELEMENTS  OP  EUCLID.  By  I.  TODHUNTER,  P.R.S. 
18mo.  3s.  <5d.  KEY.  Cr.  8vo.  6s.  6d. 

WILSON.— Works  by  Rev.  J.  M.  WILSON,  M.A.,  Head  Master  of  Clifton  College. 
ELEMENTARY  GEOMETRY.     BOOKS  I.-V.     Containing   the  Subjects  of 
Euclid's  first  Six  Books.    Following  the  Syllabus  of  the  Geometrical  Associa- 
tion.    Ex.  fcap.  8vo.    4s.  6d. 
SOLID  GEOMETRY  AND  CONIC  SECTIONS.     With  Appendices  on  Trans- 
versals and  Harmonic  Division.    Ex.  fcap.  8vo.    3s.  6d. 

GEOMETRICAL  DRAWING-. 

EAGLES.— CONSTRUCTIVE  GEOMETRY  OP  PLANE  CURVES.   By  T.  H. 

EAGLES,  M.A.,  Instructor  in  Geometrical  Drawing  and  Lecturer  in  Architecture 

at  the  Royal  Indian  Engineering  College,  Cooper's  Hill.    Cr.  8vo.    12s. 
EDGAR    AND    PRITCHARD.— NOTE  -  BOOK   ON    PRACTICAL    SOLID    OR 

DESCRIPTIVE  GEOMETRY.    Containing  Problems  with  help  for  Solutions. 

By  J.  H.  EDGAR  and  G.  S.  PRITCHARD.    4th  Ed.,  revised  by  A.  MEEZE.    Gl. 

8vo.    4s.  6d. 
KITCHENER.— A  GEOMETRICAL  NOTE-BOOK.    Containing  Easy  Problems  in 

Geometrical  Drawing  preparatory  to  the  Study  of  Geometry.     For  the  Use  of 

Schools.     By  P.  E.  KITCHENER,  M.A.,  Head  Master  of  the  Newcastle-under- 

Lyme  High  School.    4to.    2s. 
MILLAR.— ELEMENTS  OP  DESCRIPTIVE  GEOMETRY.     By  J.  B.  MILLAR, 

Civil  Engineer,  Lecturer  on  Engineering  in  the  Victoria  University,  Manchester. 

2d  Ed.    Cr.  8vo.    6s. 
PLANT.— GEOMETRICAL  DRAWING.    By  E.  C.  PLANT.    Globe  8vo. 

[In  preparation. 

MENSURATION. 

STEVENS.— ELEMENTARY  MENSURATION.  With  Exercises  on  the  Mensura- 
tion  of  Plane  and  Solid  Figures.  By  P.  H.  STEVENS,  M.  A.  Gl.  8vo. 

[In  preparation. 

TEBAY.— ELEMENTARY  MENSURATION  FOR  SCHOOLS.  By  S.  TEBAY. 
Ex.  fcap.  8vo.  3s.  6d. 

TODHUNTER.— MENSURATION  FOR  BEGINNERS.  By  ISAAC  TODHUNTER, 
F.R.S.  18mo.  2s.  6d.  KEY.  By  Rev.  PR.  L.  MCCARTHY.  Cr.  8vo.  7s.  6d. 

TRIGONOMETRY. 

BEASLEY.— AN  ELEMENTARY  TREATISE  ON  PLANE  TRIGONOMETRY. 
With  Examples.  By  R.  D.  BEASLEY,  M.A.  9th  Ed.,  revised  and  enlarged. 
Cr.  8vo.  3s.  6d. 

BOTTOMLEY.— FOUR-FIGURE  MATHEMATICAL  TABLES.  Comprising  Lo- 
garithmic and  Trigonometrical  Tables,  and  Tables  of  Squares,  Square  Roots, 
and  Reciprocals.  By  J.  T.  BOTTOMLEY,  M.A.,  Lecturer  in  Natural  Philosophy 
in  the  University  of  Glasgow.  8vo.  2s.  6d. 

HAYWARD.— THE  ALGEBRA  OF  CO-PLANAR  VECTORS  AND  TRIGONO- 
METRY. By  R.  B.  HAYWARD,  M.A.,  F.R.S.,  Assistant  Master  at  Harrow. 

[In  preparation. 

JOHNSON.— A  TREATISE  ON  TRIGONOMETRY.  By  W.  E.  JOHNSON,  M.A. 
late  Scholar  and  Assistant  Mathematical  Lecturer  at  King's  College,  Cam- 
bridge.  Cr.  8vo.  8s.  6d. 

LOOK.— Works  by  Rev.  J.  B.  LOCK,  M.A.,  Senior  Fellow,  Assistant  Tutor  and 

Lecturer  in  Gonville  and  Caius  College,  Cambridge. 
TRIGONOMETRY  FOR  BEGINNERS,  as  far  as  the  Solution  of  Triangles.    3d 

Ed.     Gl.  8vo.     2s.  6d.    KEY.     Cr.  8vo.    6s.  6d. 

ELEMENTARY  TRIGONOMETRY.     6th  Ed.  (in  this  edition  the  chapter  on 
logarithms  has  been  carefully  revised).   Gl.  8vo.   4s.  6d.    KEY.   Cr.  8vo.  8s.  6d. 
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HIGHER  TRIGONOMETRY.    5th  Ed.    Gl.  8vo.    4s.  6d.     Both  Parts  complete 
in  One  Volume.    Gl.  8vo.    7s.  6d. 

M'CLELLAND  AND  PRESTON.— A  TREATISE  ON  SPHERICAL  TRIGONO- 
METRY. With  applications  to  Spherical  Geometry  and  numerous  Examples. 
By  W.  J.  M'CLELLAND,  M.A.,  Principal  of  the  Incorporated  Society's  School, 
Santry,  Dublin,  and  T.  PRESTON,  M.A.  Cr.  8vo.  8s.  6d.,  or:  Parti.  To  the 
End  of  Solution  of  Triangles,  4s.  6d.  Part  II.,  5s. 

PALMER.— TEXT- BOOK  OP  PRACTICAL  LOGARITHMS  AND  TRIGONO- 
METRY. By  J.  H.  PALMER,  Headmaster,  R.N.,  H.M.S.  Cambridge,  Devon- 
port.  Gl.  8vo.  4s.  6d. 

SNOWBALL.— THE:  ELEMENTS  OF  PLANE  AND  SPHERICAL  TRIGONO- 
METRY. By  J.  C.  SNOWBALL.  14th  Ed.  Cr.  8vo.  7s.  6d. 

TODHUNTER.— Works  by  ISAAC  TODHUXTER,  F.R.S. 

TRIGONOMETRY  FOR  BEGINNERS.    18rao.   2s.  6d.      KEY.   Cr.  8vo.   8s.  6d. 
PLANE  TRIGONOMETRY.     Cr.  8vo.    5s.     KEY.     Cr.  8vo.     10s.  6d. 
A  TREATISE  ON  SPHERICAL  TRIGONOMETRY.     Cr.  8vo.     4s.  6d. 

WOLSTENHOLME.— EXAMPLES  FOR  PRACTICE  IN  THE  USE  OF  SEVEN- 
FIGURE  LOGARITHMS.  By  JOSEPH  WOLSTENHOLME,  D.Sc.,  late  Professor 
of  Mathematics  in  the  Royal  Indian  Engineering  Coll.,  Cooper's  Hill.  8vo. 
5s. 


ANALYTICAL  GEOMETRY  (Plane  and  Solid). 

DYER.— EXERCISES  IN  ANALYTICAL  GEOMETRY.    By  J.  M.  DYER,  M.A., 

Assistant  Master  at  Eton.    Illustrated.     Cr.  8vo.    4s.  6d. 

FERRERS.— AN    ELEMENTARY  TREATISE    ON    TRILINEAR   CO-ORDIN. 

ATES,  the  Method  of  Reciprocal  Polars,  and  the  Theory  of  Projectors.     By 

the  Rev.  N.  M.  FERRERS,  D.D.,  F.R.S.,  Master  of  Gonville  and  Caius  College, 

Cambridge.    4th  Ed.,  revised.    Cr.  8vo.    6s.  6d. 

FROST.— Works  by  PERCIVAL  FROST,  D.Sc.,  F.R.S.,  Fellow  and  Mathematical 

Lecturer  at  King's  College,  Cambridge. 

AN  ELEMENTARY  TREATISE  ON  CURVE  TRACING.     8vo.     12s. 
SOLID  GEOMETRY.    3d  Ed.    Demy  8vo.    16s. 
HINTS  FOR  THE  SOLUTION  OF  PROBLEMS  in  the  Third  Edition  of  SOLID 

GEOMETRY.     8vo.    8s.  6d. 

HAYWARD.— THE  ELEMENTS  OF  SOLID  GEOMETRY.    By  R.  B.  HAYWARD, 

M.A.,  F.R.S.    Gl.  8vo.  [In  the  Press. 

JOHNSON.-CURVE    TRACING  IN  CARTESIAN  CO-ORDINATES.      By  W. 

WOOLSEY  JOHNSON,  Professor  of  Mathematics  at  the  U.S.  Naval  Academy, 

Annapolis,  Maryland.     Cr.  8vo.    4s.  6d. 

PUCKLE.— AN  ELEMENTARY  TREATISE  ON  CONIC  SECTIONS  AND  AL- 
GEBRAIC  GEOMETRY.    With  Numerous  Examples  and  Hints  for  their  Sol- 
ution.   By  G.  H.  PUCKLE,  M.A.     5th  Ed.,  revised  and  enlarged.     Cr.  8vo. 
7s.  6d. 
SMITH.— Works  by  CHARLES   SMITH,  M.A.,  Master  of  Sidney  Sussex  College, 

Cambridge. 

CONIC  SECTIONS.    7th  Ed.    Cr.  8vo.    7s.  6d. 
SOLUTIONS  TO  CONIC  SECTIONS.    Cr.  8vo.     10s.  6d. 
AN  ELEMENTARY  TREATISE  ON  SOLID  GEOMETRY.     2d  Ed.     Cr.  8vo. 

9s.  6d. 

TODHUNTER.— Works  by  ISAAC  TODHUNTER,  F.R.S. 
PLANE  CO-ORDINATE  GEOMETRY,  as  applied  to  the  Straight  Line  and  the 

Conic  Sections.     Cr.  8vo.    7s.  6d. 
KEY.    By  C.  W.  BOURNE,  M.A.,  Headmaster  of  King's  College  School.    Cr.  8vo. 

10s.  6d. 

EXAMPLES   OF  ANALYTICAL   GEOMETRY   OF  THREE   DIMENSIONS. 
New  Ed.,  revised.    Cr.  8vo.    4s. 
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PROBLEMS  AND  QUESTIONS  IN 
MATHEMATICS. 

ARMY  PRELIMINARY  EXAMINATION,  1882-1889,  Specimens  of  Papers  set  at 
the.    With  Answers  to  the  Mathematical  Questions.     Subjects :  Arithmetic, 
Algebra,  Euclid,  Geometrical  Drawing,  Geography,  French,  English  Dictation.  | 
Cr.  8vo.    3s.  6d. 

CAMBRIDGE    SENATE -HOUSE    PROBLEMS    AND    RIDERS,    WITH    SOLU- 
TIONS:— 

1875— PROBLEMS  AND  RIDERS.    By  A.  G.  GREENHILL,  F.R.S.  Cr.Svo.  8s.  6d. 
1878-SOLUTIONS  OF  SENATE-HOUSE  PROBLEMS.     By  the  Mathematical 
Moderators  and  Examiners.    Edited  by  J.  W.  L.  GLAISHEB,  F.R.S.,  Fellow  of 
Trinity  College,  Cambridge.    12s. 
CHRISTIE.— A  COLLECTION  OF  ELEMENTARY  TEST-QUESTIONS  IN  PURE 
AND  MIXED  MATHEMATICS  ;  with  Answers  and  Appendices  on  Synthetic 
Division,  and  on  the  Solution  of  Numerical  Equations  by  Homer's  Method. 
By  JAMES  R.  CHRISTIE,  F.R.S.    Cr.  Svo.    8s.  6d. 
MILNE.— Works  by  Rev.  JOHN  J.  MILNE,  Private  Tutor. 

WEEKLY  PROBLEM  PAPERS.    With  Notes  intended  for  the  use  of  Students 
preparing  for  Mathematical  Scholarships,  and  for  Junior  Members  of  the  Uni. 
versities  who  are  reading  for  Mathematical  Honours.    Pott  8vo.    4s.  6d. 
SOLUTIONS  TO  WEEKLY  PROBLEM  PAPERS.    Cr.  8vo.    10s.  6d. 
COMPANION  TO  WEEKLY  PROBLEM  PAPERS.    Cr.  Svo.    10s.  6d. 
SANDHURST  MATHEMATICAL  PAPERS,  for  admission  into  the  Royal  Military 
College,  1881-1889.    Edited  by  E.  J.  BROOKSMITH,  B.A.,  Instructor  in  Mathe- 
matics at  the  Royal  Military  Academy,  Woolwich.    Cr.  Svo.          [In  the  Press. 
WOOLWICH  MATHEMATICAL  PAPERS,  for  Admission  into  the  Royal  Military 
Academy,  Woolwich,  1880-1888  inclusive.    Edited  by  E.  J.  BROOKSMITH,  B.A. 
Cr.  Svo.    6s. 
WOLSTENHOLME.— Works  by  JOSEPH  WOLSTENHOLME,  D.Sc.,  late  Professor  of 

Mathematics  in  the  Royal  Engineering  Coll.  Cooper's  Hill. 
MATHEMATICAL  PROBLEMS,  on  Subjects  included  in  the  First  and  Second 
Divisions  of  the  Schedule  of  Subjects  for  the  Cambridge  Mathematical  Tripos 
Examination.    New  Ed.,  greatly  enlarged.    Svo.    18s. 

EXAMPLES  FOR  PRACTICE  IN  THE  USE  OF  SEVEN-FIGURE  LOGAR- 
ITHMS.    Svo.     5s. 


HIGHER  PURE  MATHEMATICS. 

AIRY.— Works  by  Sir  G.  B.  AIRY,  K.C.B.,  formerly  Astronomer-Royal. 
ELEMENTARY  TREATISE  ON  PARTIAL  DIFFERENTIAL  EQUATIONS. 

With  Diagrams.     2d  Ed.     Cr.  Svo.    5s.  6d. 
ON  THE  ALGEBRAICAL  AND  NUMERICAL  THEORY  OF  ERRORS  OF 

OBSERVATIONS    AND     THE     COMBINATION     OF    OBSERVATIONS. 

2d.  Ed.,  revised.    Cr.  Svo.    6s.  6d. 
BOOLE.— THE  CALCULUS  OF  FINITE  DIFFERENCES.    By  G.  BOOLE.   3d  Ed., 

revised  by  J.  F.  MOULTON,  Q.C.    Cr.  Svo.    10s.  6d. 
CARLL— A  TREATISE  ON  THE  CALCULUS  OF  VARIATIONS.     By  LEWIS  B. 

CARLL.    Arranged  with  the  purpose  of  Introducing,  as  well  as  Illustrating,  its 

Principles  to  the  Reader  by  means  of  Problems,  and  Designed  to  present  in  all 

Important  Particulars  a  Complete  View  of  the  Present  State  of  the  Science. 

Svo.    21s. 
EDWARDS.— THE  DIFFERENTIAL  CALCULUS.    By  JOSEPH  EDWARDS,  M.A., 

With  Applications  and  numerous  Examples.    Cr.  Svo.    10s.  6d. 
FERRERS.— AN  ELEMENTARY  TREATISE  ON  SPHERICAL  HARMONICS, 

AND  SUBJECTS  CONNECTED  WITH  THEM.     By  Rev.  N.  M.  FERRERS, 

D.D.,  F.R.S.,  Master  of  Gonville  and  Caius  College,  Cambridge.    Cr.  Svo.   7s.  6d. 
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FORSYTE.— A  TREATISE  ON  DIFFERENTIAL  EQUATIONS.      By  ANDREW 

RUSSELL  FORSYTH,  F.R.S.,  Fellow  and  Assistant  Tutor  of  Trinity  College, 

Cambridge.    2d  Ed.    8vo.    14s. 
FROST.— AN  ELEMENTARY  TREATISE  ON  CURVE  TRACING.    By  PERCIVAL 

FROST,  M.A.,  D.Sc.    8vo.    12s. 
GREENHILL.— DIFFERENTIAL  AND  INTEGRAL    CALCULUS.      By  A.   G. 

GREENHILL,  Professor  of  Mathematics  to  the  Senior  Class  of  Artillery  Officers, 

Woolwich.     Cr.  8vo.     7s.  6d. 
JOHNSON. — Works  by  WILLIAM  WOOLSEY  JOHNSON,  Professor  of  Mathematics  at 

the  U.S.  Naval  Academy,  Annapolis,  Maryland. 
INTEGRAL  CALCULUS,  an  Elementary  Treatise  on  the;   Founded  on  the 

Method  of  Rates  or  Fluxions.    8vo.    9s. 

CURVE  TRACING  IN  CARTESIAN  CO-ORDINATES.     Cr.  8vo.     4s.  6d. 
A  TREATISE  ON  ORDINARY  AND  DIFFERENTIAL  EQUATIONS.    Ex.  cr. 

8vo.     15s. 
KELLAND  AND  TAIT. -INTRODUCTION  TO  QUATERNIONS,  with  numerous 

examples.     By  P.  KELLAND  and  P.  G.  TAIT,  Professors  in  the  Department  of 

Mathematics  in  the  University  of  Edinburgh.    2d  Ed.    Cr.  8vo.    7s.  6d. 
KEMPE.— HOW  TO  DRAW  A  STRAIGHT  LINE :  a  Lecture  on  Linkages.     By  A. 

B.  KEMPE.    Illustrated.    Cr.  8vo.    Is.  6d. 
KNOX.— DIFFERENTIAL  CALCULUS  FOR  BEGINNERS.      By  ALEXANDER 

KNOX.    Fcap.  8vo.    3s.  6d. 
MERRTMAN.-A  TEXT-BOOK  OF  THE  METHOD  OF  LEAST  SQUARES.    By 

MANSFIELD  MERRIMAN,  Professor  of  Civil  Engineering  at  Lehigh  University, 

U.S.A.    8vo.    8s.  6d. 

MUIR.— Works  by  THOS.  Mum,  Mathematical  Master  in  the  High  School  of  Glasgow. 
A  TREATISE  ON  THE  THEORY  OF  DETERMINANTS.    With  graduated  sets 

of  Examples.    Cr.  8vo.    7s.  6d. 
THE  THEORY  OF  DETERMINANTS  IN  THE  HISTORICAL  ORDER  OF  ITS 

DEVELOPMENT.    Parti.    Determinants  in  General.    Leibnitz  (1693)  to  Cay- 
ley  (1841).    8vo.    10s.  6d. 
RICE  AND  JOHNSON.— DIFFERENTIAL  CALCULUS,  an  Elementary  Treatise  on 

the ;  Founded  on  the  Method  of  Rates  or  Fluxions.    By  J.  M.  RICE,  Professor 

of  Mathematics  in  the  United  States  Navy,  and  W.  W.  JOHNSON,  Professor  of 

Mathematics  at  the  United  States  Naval  Academy.    3d  Ed.,  revised  and  cor- 
rected.   8vo.    18s.    Abridged  Ed.    9s. 
TODHUNTER.— Works  by  ISAAC  TODHUNTER,  F.R.S. 

AN    ELEMENTARY   TREATISE    ON    THE    THEORY   OF    EQUATIONS. 

Cr.  8vo.    7s.  6d. 
A  TREATISE  ON  THE  DIFFERENTIAL  CALCULUS.     Cr.  8vo.      10s.   6d. 

KEY.    Cr.  8vo.    10s.  6d. 
A  TREATISE  ON  THE  INTEGRAL  CALCULUS  AND  ITS  APPLICATIONS. 

Cr.  8vo.     10s.  6d.     KEY.     Cr.  8vo.     10s.  6d. 
'  A  HISTORY  OF  THE  MATHEMATICAL  THEORY  OF  PROBABILITY,  from 

the  time  of  Pascal  to  that  of  Laplace.    8vo.   •  18s. 
AN  ELEMENTARY  TREATISE  ON  LAPLACE'S,  LAME'S,  AND  BESSEL'S 

FUNCTIONS.    Cr.  8vo.     10s.  6d. 


MECHANICS :  Statics,  Dynamics,  Hydrostatics, 
Hydrodynamics.     (See  also  Physics.) 

ALEXANDER  AND  THOMSON.— ELEMENTARY  APPLIED  MECHANICS.    By 

Prof.  T.   ALEXANDER,   and  A.   W.  THOMSON.      Part  II.    Transverse   Stress 

Cr.  8vo.     10s.  6d. 
BALL.— EXPERIMENTAL  MECHANICS.    A  Course  of  Lectures  delivered  at  the 

Royal  College  of  Science  for  Ireland.      By  Sir  R.  S.  BALL,  F.R.S.,     2d  Ed. 

Illustrated.    Cr.  8vo.    6s. 
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CHISHOLM.— THE  SCIENCE  OF  WEIGHING  AND  MEASURING,  AND  THE 
STANDARDS  OP  MEASURE  AND  WEIGHT.  By  H.  W.  CHISHOLM,  Warden 
of  the  Standards.  Illustrated.  Cr.  8vo.  4s.  6d. 

CLARKE.— A  TABLE  OF  SPECIFIC  GRAVITY  FOR  SOLIDS  AND  LIQUIDS. 
(Constants  of  Nature :  Part  I.)  New  Ed.,  revised  and  enlarged.  By  F.  W.  CLARKE, 
Chief  Chemist,  U.S.  Geological  Survey.  8vo.  12s.  6d.  (Published  for  the 
Smithsonian  Institution,  Washington,  U.S.A.) 

CLIFFORD.— THE  ELEMENTS  OF  DYNAMIC.    An  Introduction  to  the  Study  of  I 
Motion  and  Rest  in  Solid  and  Fluid  Bodies.    By  W.  K.  CLIFFORD.    Part  I.— 
Kinematic.    Cr.  8vo.    Books  I— III.  7s.  6d. ;  Book  IV.  and  Appendix,  6s. 

COTTERILL.— APPLIED  MECHANICS :  an  Elementary  General  Introduction  to 
the  Theory  of  Structures  and  Machines.  By  J.  H.  COTTERILL,  F.R.S.,  Professor 
of  Applied  Mechanics  in  the  Royal  Naval  College,  Greenwich.  8vo.  18s. 

COTTERILL  AND  SLADE.— ELEMENTARY  MANUAL  OF  APPLIED  MECHAN- 
ICS. By  Prof.  J.  H.  COTTERILL  and  J.  H.  SLADE.  Cr.  8vo.  [In  the  Press. 

DYNAMICS,  SYLLABUS  OF  ELEMENTARY.  Part  I.  Linear  Dynamics.  With 
an  Appendix  on  the  Meanings  of  the  Symbols  in  Physical  Equations.  Prepared 
by  the  Association  for  the  Improvement  of  Geometrical  Teaching.  4to.  Is. 

GANGUILLET  AND  KUTTER.— A  GENERAL  FORMULA  FOR  THE  UNIFORM 
FLOW  OF  WATER  IN  RIVERS  AND  OTHER  CHANNELS.  By  E.  GAN- 
GUILLET and  W.  R.  KUTTER,  Engineers  in  Berne,  Switzerland.  Translated  from 
the  German,  with  numerous  Additions,  including  Tables  and  Diagrams,  and  the 
Elements  of  over  1200  Gaugings  of  Rivers,  Small  Channels,  and  Pipes  in  English 
Measure,  by  RUDOLPH  HERING,  Assoc.  Am.  Soc.  C.E.,  M.  Inst.  C.E.,  and  JOHN 
C.  TRAUTWINE  Jun.,  Assoc.  Am.  Soc.  C.E.,  Assoc.  Inst.  C.E.  8vo.  17s. 

GREAVES.— Works  by  JOHN  GREAVES,  M.A.,  Fellow  and  Mathematical  Lecturer 

at  Christ's  College,  Cambridge. 
STATICS  FOR  BEGINNERS.    Gl.  8vo.     3s.  6d. 
A  TREATISE  ON  ELEMENTARY  STATICS.     2d  Ed.     Cr.  8vo.     6s.  6d. 

HICKS.— ELEMENTARY  DYNAMICS  OF  PARTICLES  AND  SOLIDS.  By 
W.  M.  HICKS,  Principal  and  Professor  of  Mathematics  and  Physics,  Firth  Col- 
lege,  Sheffield.  Cr.  8vo.  6s.  6d. 

JELLETT.— A  TREATISE  ON  THE  THEORY  OF  FRICTION.  By  JOHN  H. 
JELLETT,  B.D.,  late  Provost  of  Trinity  College,  Dublin.  8vo.  8s.  6d. 

KENNEDY.— THE  MECHANICS  OF  MACHINERY.  By  A.  B.  W.  KENNEDY, 
F.R.S.  Illustrated.  Cr.  8vo.  12s.  6d. 

LOCK.— Works  by  Rev.  J.  B.  LOCK,  M.A. 
ELEMENTARY  STATICS.     2d  Ed.    Gl.  8vo.     4s.  6d. 
DYNAMICS  FOR  BEGINNERS.     3d  Ed.    Gl.  8vo.     4s.  6d. 

MACGREGOR.— KINEMATICS  AND  DYNAMICS.  An  Elementary  Treatise. 
By  J.  G.  MACGREGOR,  D.Sc.,  Munro  Professor  of  Physics  in  Dalhousie  College, 
Halifax,  Nova  Scotia.  Illustrated.  Cr.  8vo.  10s.  6d. 

PARKINSON.— AN  ELEMENTARY  TREATISE  ON  MECHANICS.  By  S. 
PARKINSON,  D.D.,  F.R.S.,  late  Tutor  and  Praelector  of  St.  John's  College,, 
Cambridge.  6th  Ed.,  revised.  Cr.  8vo.  9s.  6d. 

PIRIE.— LESSONS  ON  RIGID  DYNAMICS.  By  Rev.  G.  PIRIE,  M.A.,  Professor 
of  Mathematics  in  the  University  of  Aberdeen.  Cr.  8vo.  6s. 

REULEAUX.— THE  KINEMATICS  OF  MACHINERY.  Outlines  of  a  Theory  of 
Machines.  By  Prof.  F.  REULEAUX.  Translated  and  Edited  by  Prof.  A.  B.  W 
KENNEDY,  F.R.S.  Illustrated.  8vo.  21s. 

ROUTH.— Works  by  EDWARD  JOHN  ROUTH,  D.Sc.,  LL.D.,  F.R.S.,  Hon.  Fellow 

of  St.  Peter's  College,  Cambridge. 

A  TREATISE  ON  THE  DYNAMICS  OF  THE  SYSTEM  OF  RIGID  BODIES. 
With  numerous  Examples.    Fourth  and  enlarged  Edition.    Two  Vols.    Svo. 
Vol.  I.— Elementary  Parts.    14s.    Vol.  II.— The  Advanced  Parts.    14s. 
STABILITY  OF  A  GIVEN  STATE  OF  MOTION,  PARTICULARLY  STEADY 
MOTION.    Adams  Prize  Essay  for  1877.    Svo.    8s.  6d. 

SANDERSON.— HYDROSTATICS  FOR  BEGINNERS.  By  F.  W.  SANDERSON, 
M.A.,  Assistant  Master  at  Dulwich  College.  Gl.  Svo.  4s.  6d. 
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TAIT  AND  STEELE.-A  TREATISE  ON  DYNAMICS  OF  A  PARTICLE.     By 
Professor  TAIT,  M.A.,  and  W.  J.  STEELE,  B.A.   6th  Ed.,  revised.   Cr.  8vo.   12s. 
TODHUNTER.— Works  by  ISAAC  TODHUNTER,  F.R.S. 

MECHANICS  FOR  BEGINNERS.    18mo.    4s.  6d.    KEY.    Cr.  8vo.    6s.  6d. 
A  TREATISE  ON  ANALYTICAL  STATICS.     5th  Ed.     Edited  by  Prof.  J.  D. 
EVERETT,  F.R.S.     Cr.  8vo.     10s.  6d. 

PHYSICS :  Sound,  Light,  Heat,  Electricity,  Elasticity, 
Attractions,  etc.     (See  also  Mechanics.) 

AIRY.— Works  by  Sir  G.  B.  AIRY,  K.C.B.,  formerly  Astronomer-Royal. 
ON  SOUND, AND  ATMOSPHERIC  VIBRATIONS.      With  the  Mathematical 

Elements  o'f  Music.    2d  Ed.,  revised  and  enlarged.    Cr.  8vo.    9s. 
A  TREATISE  ON  MAGNETISM.    Cr.  8vo.    9s.  6d. 
GRAVITATION :  an  Elementary  Explanation  of  the  Principal  Perturbations  in 

the  Solar  System.    2d  Ed.    Cr.  8vo.    7s.  6d. 

CLAUSIUS.— MECHANICAL  THEORY  OF  HEAT.     By  R.  CLAUSIUS.     Trans- 
lated by  W.  R.  BROWNE,  M.A.    Cr.  8vo.    10s.  6d. 
GUMMING.— AN   INTRODUCTION   TO   THE   THEORY   OF   ELECTRICITY. 

By  LINNJIUS  CUMMINO,  M.A. ,  Assistant  Master  at  Rugby.    Illustrated.   Cr.  8vo. 

8s.  6d. 
DANIELL.— A  TEXT-BOOK  OF  THE  PRINCIPLES  OF  PHYSICS.    By  ALFRED 

DANIELL,  D.Sc.    Illustrated.    2d  Ed.,  revised  and  enlarged.    8vo.     21s. 
DAY.— ELECTRIC  LIGHT  ARITHMETIC.    By  R.  E.  DAT,  Evening  Lecturer  in 

Experimental  Physics  at  Bang's  College,  London.    Pott  8vo.    2s. 
EVERETT.— UNITS  AND  PHYSICAL  CONSTANTS.    By  J.  D.  EVERETT,  F.R.S., 
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ABSOLUTE  MEASUREMENTS  IN  ELECTRICITY  AND  MAGNETISM.    2d 

Ed.,  revised  and  greatly  enlarged.    Fcap.  8vo.     5s.  6d. 
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ROCK-MAKING  MINERALS:  AN  AID  TO  THE  MICROSCOPICAL  STUDY 
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Cambridge,  and  W.  HEAPE,  M.A.,  late  Demonstrator  in  the  Morphological 
Laboratory  of  the  University  of  Cambridge.  Illustrated.  Cr.  Svo.  10s.  6d. 
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BOOLE.— THE  MATHEMATICAL  ANALYSIS  OF  LOGIC.      Being  an  Esaa 

towards  a  Calculus  of  Deductive  Reasoning.    By  GEORGE  BOOLE.    8vo.    5s. 
OALDERWOOD.—  HANDBOOK  OF  MORAL  PHILOSOPHY.    By  Rev.  HENR 
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FIRST  AND  FUNDAMENTAL  TRUTHS:    being  a  Treatise  on  Metaphysics. 
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MAURICE.— MORAL  AND  METAPHYSICAL  PHILOSOPHY.  By  F.  D. 
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POLITICAL  ECONOMY. 

BOHM-BAWERK.— CAPITAL  AND  INTEREST.    Translated  by  WILLIAM  SMART, 
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BALL.— THE  STUDENT'S  GUIDE  TO  THE  BAR.    By  WALTER  W.  R.  BALL,  M. . 

Fellow  and  Assistant  Tutor  of  Trinity  College,  Cambridge.    4th  Ed.,  revise 

Cr.  8vo.    2s.  6d. 
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Ph.D.,  Harvard  University.    8vo.    16s. 
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CHARLES  WENTWORTH  DILKE.    With  Maps.    2  vols.    8vo.    36s. 
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FLOWER.— FASHION  IN  DEFORMITY,  as  Illustrated  in  the  Customs  of 
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Geological  Survey  of  the  United  Kingdom.    Cr.  8vo.    2s. 
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SANDHURST  MATHEMATICAL  PAPERS,  for  Admission  into  the  Royal  Military 
College,  1881-1889.  Edited  by  E.  J.  BROOKSMITH,  B.A.,  Instructor  in  Mathe- 
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LL.D.  8vo.  21s. 

WILKINSON.— THE  BRAIN  OF  AN  ARMY.  A  Popular  Account  of  the  German 
General  Staff.  By  SPENSER  WILKINSON.  Cr.  8vo.  2s.  6d. 

WOLSELEY.— Works  by  General^  Viscount  WOLSELEY,  G.C.M.G. 
THE  SOLDIER'S  POCKET-BOOK  FOR  FIELD  SERVICE.     5th  Ed.,  revised 

and  enlarged.    16mo.    Roan.    5s. 
FIELD  POCKET-BOOK  FOR  THE  AUXILIARY  FORCES.     16mo.     Is.  6d. 

WOOLWICH  MATHEMATICAL  PAPERS,  for  Admission  into  the  Royal  Military 
Academy,  Woolwich,  1880-1888  inclusive.  Edited  by  E.  J.  BROOKSMITH,  B.A., 
Instructor  in  Mathematics  at  the  Royal  Military  Academy,  Woolwich.  Cr. 
8vo.  6s. 

AGRICULTURE. 

FRANKLAND.— AGRICULTURAL  CHEMICAL  ANALYSIS,  A  Handbook  of. 
By  PERCY  F.  FRANKLAND,  F.R.S.,  Professor  of  Chemistry,  University  College, 
Dundee.  Founded  upon  Leitfaden  fiir  die  Agriculture  Chemiche  Analyse,  von 
Dr.  F.  KROCKER.  Cr.  8vo.  7s.  6d. 

SMITH.— DISEASES  OF  FIELD  AND  GARDEN  CROPS,  CHIEFLY  SUCH  AS 
ARE  CAUSED  BY  FUNGI.  By  WORTHINGTON  G.  SMITH,  F.L.S.,  Illustrated. 
Fcap.  8vo.  4s.  6d. 

TANNER.— ELEMENTARY  LESSONS  IN  THE  SCIENCE  OF  AGRICULTURAL 
PRACTICE.  By  HENRY  TANNER,  F.C.S.,  M.R.A.C.,  Examiner  in  the  Prin- 
ciples of  Agriculture  under  the  Government  Department  of  Science.  Fcap. 
8vo.  3s.  6d. 

FIRST  PRINCIPLES  OF  AGRICULTURE.    By  the  same.     18mo.     Is. 
THE  PRINCIPLES  OF  AGRICULTURE.     By  the  same.    A  Series  of  Reading 
Books  for  use  in  Elementary  Schools.    Ex.  fcap.  8vo. 
I.  The  Alphabet  of  the  Principles  of  Agriculture.     6d. 
II.  Further  Steps  in  the  Principles  of  Agriculture.     Is. 
III.  Elementary  School  Readings  on  the  Principles  of  Agriculture  for  the 

third  stage.    Is. 

WARD.— TIMBER  AND  SOME  OF  ITS  DISEASES.  By  H.  MARSHALL  WARD, 
M.A.,  F.L.S.,  F.R.S.,  Fellow  of  Christ's  College,  Cambridge,  Professor  of 
Botany  at  the  Royal  Indian  Engineering  College,  Cooper's  Hill.  With  Illustra- 
tions. Cr.  8vo.  6s. 
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DOMESTIC  ECONOMY. 

BARKER.— FIRST  LESSONS  IN  THE  PRINCIPLES  OP  COOKING.    By  LAD 

BARKER.     18mo.  Is. 

BERNERS.— FIRST  LESSONS  ON  HEALTH.    By  J.  BERNERS.    18mo.    Is. 
BLYTH.— A  MANUAL  OF  PUBLIC  HEALTH.    By  A.  WYNTER  BLYTH,  M.R.C.g 

8vo.  [In  the  Prest 

COOKERY  BOOK.-THE  MIDDLE  CLASS  COOKERY  BOOK.  ,  Edited  by  th 

Manchester  School  of  Domestic  Cookery.    Fcap.  8vo.    Is.  6d. 
CRAVEN.— A  GUIDE  TO  DISTRICT  NURSES.    By  Mrs.  DACRE  CRAVEN  (^ 

FLORENCE  SARAH  LEES),  Hon.  Associate  of  the  Order  of  St.  John  of  Jerusalem 

&c.     Or  Svo.     2s.  6d. 
FREDERICK.— HINTS    TO    HOUSEWIVES    ON    SEVERAL    POINTS,    PAR 

TICULARLY  ON  THE  PREPARATION  OF  ECONOMICAL  AND  TASTEFU] 

DISHES.    By  Mrs.  FREDERICK.    Cr.  8vo.     Is. 
GRAND'HOMME.— CUTTING-OUT  AND  DRESSMAKING.     From  the  French  o 

Mdlle.  E.  GRAND'HOMME.    With  Diagrams.    18mo.    Is. 
JEX-BLAKE.— THE  CARE  OF  INFANTS.    A  Manual  for  Mothers  and  Nurses 

By  SOPHIA  JEX-BLAKE,  M.D.,  Lecturer  on  Hygiene  at  the  London  School  o 

Medicine  for  Women.    18mo.    Is. 
RATHBONE.— THE    HISTORY  AND   PROGRESS   OF   DISTRICT   NURSINC 

FROM   ITS  COMMENCEMENT  IN  THE  YEAR  1859  TO  THE  PRESENT 

DATE,  including  the  foundation  by  the  Queen  of  the  Queen  Victoria  Jubile< 

Institute  for  Nursing  the  Poor  in  their  own  Homes.    By  WILLIAM  RATHBONE 

M.P.     Cr.  8vo.     2s.  6d. 
TEGETMEIER.— HOUSEHOLD  MANAGEMENT  AND  COOKERY.      With  ar 

Appendix  of  Recipes  used  by  the  Teachers  of  the  National  School  of  Cookery. 

By  W.  B.  TEQETMEIER.     Compiled  at  the  request  of  the  School  Board  fo 

London.    18mo.    Is. 
WRIGHT.— THE  SCHOOL  COOKERY-BOOK.    Compiled  and  Edited  by  C.  E. 

GUTHRIE  WRIGHT,  Hon.  Sec.  to  the  Edinburgh  School  of  Cookery.    18mo.    Is. 

BOOK-KEEPING. 

THORNTON.— FIRST    LESSONS    IN    BOOK-KEEPING.      By    J.    THORNTON. 

Cr.  8vo.     2s.  6d.    KEY.     Oblong  4to.     10s.  6d. 
PRIMER  OF  BOOK-KEEPING.     By  the  Same.    18mo.  Is.       [Key  Immediately. 
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(SEE  ALSO  PHYSICAL  GEOGRAPHY.) 
BARTHOLOMEW.— THE  ELEMENTARY  SCHOOL  ATLAS.     By  JOHN  BAR- 

THOLOMEW,  F.R.G.S.      4tO.      IS. 

This  Elementary  Atlas  is  designed  to  illustrate  the  principal  text -books 
on  Elementary  Geography. 

PHYSICAL  AND  POLITICAL  SCHOOL  ATLAS,  Consisting  of  80  Maps  and 
complete  Index.  By  the  Same.  Prepared  for  the  use  of  Senior  Pupils. 
Royal  4to.  [In  the  Press. 

THE  LIBRARY  REFERENCE  ATLAS  OF  THE  WORLD.  By  the  Same. 
A  Complete  Series  of  84  Modern  Maps.  With  Geographical  Index  to  100,000 
places.  Half-morocco.  Gilt  edges.  Folio.  £2: 12: 6  net. 

%*  This  work  has  been  designed  with  the  object  of  supplying  the  public 
with  a  thoroughly  complete  and  accurate  atlas  of  Modern  Geography,  in  a 
convenient  reference  form,  and  at  a  moderate  price. 

CLARKE.— CLASS-BOOK  OF  GEOGRAPHY.     By  C.  B.  CLARKE,  F.R.S.     New 
Ed.,  revised  1889,  with  18  Maps.     Fcap.  8vo.    Paper  covers,  3s.    Cloth,  3s.  6d. 
GEIKIE.— Works  by  ARCHIBALD  GEIKIE,  F.R.S.,  Director-General  of  the  Geological 
Survey  of  the  United  Kingdom. 
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THE  TEACHING  OF  GEOGRAPHY.     A  Practical  Handbook  for  the  use  of 

Teachers.     Cr.  8vo.     2s. 

GEOGRAPHY  OP  THE  BRITISH  ISLES.     18mo.     Is. 
GREEN.— A  SHORT  GEOGRAPHY  OF  THE  BRITISH  ISLANDS.     By  JOHN 

RICHARD  GREEN  and  A.  S.  GREEN.    With  Maps.    Fcap.  8vo.    3s.  6d. 
GROVE.— A   PRIMER    OF    GEOGRAPHY.     By   Sir    GEORGE    GROVE,   D.C.L. 

Illustrated.    18mo.     Is. 
KIEPERT.— A  MANUAL  OF  ANCIENT  GEOGRAPHY.     By  Dr.  H.  KIEPERT. 

Cr.  Svo.     5s. 
MACMILLAN'S    GEOGRAPHICAL    SERIES.  —  Edited  by  ARCHIBALD   GEIKIE, 

F.R.S.,  Director-General  of  the  Geological  Survey  of  the  United  Kingdom. 
THE  TEACHING  OF  GEOGRAPHY.    A  Practical  Handbook  for  the  Use  of 

Teachers.    By  ARCHIBALD  GEIKIE,  F.R.S.    Cr.  Svo.     2s. 

MAPS  AND  MAP-MAKING.    By  W.  A.  ELDERTON.  [In  the  Press. 

GEOGRAPHY  OF  THE  BRITISH  ISLES.     By  A.  GEIKIE,  F.R.S.     18mo.    Is. 
AN  ELEMENTARY  CLASS-BOOK  OF  GENERAL  GEOGRAPHY.    By  H.  R. 
MILL,  D.Sc,  Lecturer  on  Physiography  and  on  Commercial  Geography  in 
the  Heriot-Watt  College,  Edinburgh.    Illustrated.    Cr.  Svo.    3s.  6d. 
GEOGRAPHY  OF  THE  BRITISH  COLONIES.     By  G.  M.  DAWSON  and  A. 
SUTHERLAND.  [In  preparation. 

GEOGRAPHY  OF  EUROPE.     By  J.  SIME,  M. A.     Illustrated.    Gl.  Svo. 

[In  the  Press. 

GEOGRAPHY  OF  INDIA.    By  H.  F.  BLANFORD,  F.G.S.  [In  the  Press. 

GEOGRAPHY  OF  NORTH  AMERICA.     By  Prof.  N.  S.  SHALER. 

[ In  preparation. 

ADVANCED  CLASS-BOOK  OF  THE  GEOGRAPHY  OF  BRITAIN. 
***  Other  volumes  will  be  announced  in  due  course. 

STRACHEY.— LECTURES  ON  GEOGRAPHY.    By  General  RICHARD  STRACHEY, 
R.E.    Cr.  Svo.    4s.  6d. 
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ARNOLD.— THE  SECOND  PUNIC  WAR.    Being  Chapters  from  THE  HISTORY 
OF  ROME,  by  the  late  THOMAS  ARNOLD,  D.D. ,  Headmaster  of  Rugby.    Edited, 
with  Notes,  by  W.  T.  ARNOLD,  M.A.    With  8  Maps.    Cr.  Svo.    8s.  6d. 
ARNOLD.— THE  ROMAN  SYSTEM  OF  PROVINCIAL  ADMINISTRATION  TO 
THE  ACCESSION  OF  CONSTANTINE  THE  GREAT.    By  W.  T.  ARNOLD, 
M.A.    Cr.  Svo.    6s. 
BEESLY.— STORIES  FROM  THE  HISTORY  OF  ROME.      By  Mrs.  BEESLT. 

Fcap.  Svo.     2s.  6d. 
BRYCE.— Works  by  JAMES  BRYCE,  M.P.,  D.C.L.,  Regius  Professor  of  Civil  Law 

in  the  University  of  Oxford. 

THE  HOLY  ROMAN  EMPIRE.    9th  Ed.    Cr.  Svo.    7s.  6d. 
***  Also  a  Library  Edition.    Demy  Svo.    14s. 

THE  AMERICAN  COMMONWEALTH.     2  vols.     Ex.  cr.  Svo.    25s.     Part  I. 

The    National    Government.    Part   II.    The   State  Governments.     Part   III 

The  Party  System.      Part  IV.  Public  Opinion.     Part  V.    Illustrations  and 

Reflections.    Part  VI.  Social  Institutions. 

BUCKLEY.— A  HISTORY  OF  ENGLAND  FOR  BEGINNERS.     By  ARABELLA 

B.  BUCKLEY.    With  Maps  and  Tables.    Gl.  Svo.    3s. 

BURY.— A  HISTORY  OF  THE  LATER  ROMAN  EMPIRE  FROM  ARCADIUS 
TO  IRENE,  A.D.  395-800.  By  JOHN  B.  BURY,  M.A.,  Fellow  of  Trinity  College, 
Dublin.  2  vols.  Svo.  32s. 

ENGLISH  STATESMEN,  TWELVE.    Cr.  Svo.    2s.  6d.  each. 
WILLIAM  THE  CONQUEROR.    By  EDWARD  A.  FREEMAN,  D.C.L.,  LL.D. 
HENRY  II.    By  Mrs.  J.  R.  GREEN. 
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EDWARD  I.    By  F.  YORK  POWELL.  [In  preparation. 

HENRY  VII.    By  JAMES  GAIRDNER. 
CARDINAL  WOLSEY.    By  Professor  M.  CREIGHTON. 

ELIZABETH.    By  E.  S.  BEESLY.  [In  preparation. 

OLIVER  CROMWELL.    By  FREDERIC  HARRISON. 
WILLIAM  III.    By  H.  D.  TRAILL. 
WALPOLE.    By  JOHN  MORLEY. 

CHATHAM.    By  JOHN  MORLEY  [In  preparation. 

PITT.    By  JOHN  MORLEY.  [In  preparation. 

PEEL.    By  J.  R.  THURSFIELD.  [In  the  Press. 

FISKE.— Works  by  JOHN  FISKE,  formerly  Lecturer  on  Philosophy  at  Harvard 

University. 
THE  CRITICAL  PERIOD    IN   AMERICAN  HISTORY,  1783-1789.      Ex.  cr. 

8vo.     10s.  6d. 
THE  BEGINNINGS  OF  NEW  ENGLAND ;  or,  The  Puritan  Theocracy  in  its 

Relations  to  Civil  and  Religious  Liberty.    Cr.  8vo.    7s.  6d. 
FREEMAN. — Works  by  EDWARD  A.  FREEMAN,  D.C.L.,  Regius  Professor  of  Modern 

History  in  the  University  of  Oxford,  &c. 

OLD  ENGLISH  HISTORY.    With  Maps.    Ex.  fcap.  8vo.    6s. 
A  SCHOOL  HISTORY  OF  ROME.    Cr.  8vo.  [In  preparation. 

METHODS  OF  HISTORICAL  STUDY.    8vo.     10s.  6d. 
THE  CHIEF  PERIODS  OF  EUROPEAN  HISTORY.    Six  Lectures.    With  an 

Essay  on  Greek  Cities  under  Roman  Rule.     8vo.    10s.  6d. 
HISTORICAL  ESSAYS.    First  Series.    4th  Ed.    8vo.    10s.  6d. 
HISTORICAL  ESSAYS.    Second  Series.    3d  Ed.,  with  additional  Essays.    8vo. 

10s.  6d. 

HISTORICAL  ESSAYS.    Third  Series.    8vo.    12s. 
THE  GROWTH  OF  THE  ENGLISH  CONSTITUTION  FROM  THE  EARLIEST 

TIMES.    4th  Ed.    Cr.  8vo.    5s. 
GENERAL  SKETCH  OF  EUROPEAN  HISTORY.    Enlarged,  with  Maps,  etc. 

ISmo.     3s.  6d. 

PRIMER  OF  EUROPEAN  HISTORY.    18mo.    Is.    (History  Primers.) 
FRLEDMANN.— ANNE  BOLEYN.    A  Chapter  of  English  History,  1527-1536.    By 

PAUL  FRIEDMANN.    2  vols.    8vo.    28s. 
FYFFE.— A  SCHOOL  HISTORY  OF  GREECE.     By  C.   A.   FYFFE,  M.A.,   late 

Fellow  of  University  College,  Oxford.    Cr.  8vo.  [In  preparation. 

GREEN.— Works  by  JOHN  RICHARD  GREEN,  LL.D.,  late  Honorary  Fellow  of 

Jesus  College,  Oxford. 
A  SHORT  HISTORY  OF  THE  ENGLISH  PEOPLE.    New  and  Revised  Ed. 

With  Maps,  Genealogical  Tables,  and  Chronological  Annals.    Cr.  8vo.    8s.  6d. 

150th  Thousand. 
Also  the  same  in  Four  Parts.    With  the  corresponding  portion  of  Mr.  Tait's 

"Analysis."     Crown  8vo.     3s.  each.     Part  I.  607-1265.     Part  II.  1204-1553. 

Part  III.  1540-1689.    Part  IV.  1660-1873. 
HISTORY  OF  THE  ENGLISH  PEOPLE.    In  four  vols.    8vo.    16s.  each. 

Vol.  I.— Early  England,  449-1071 ;  Foreign    Kings,   1071-1214 ;  The  Charter, 
1214-1291 ;  The  Parliament,  1307-1461.    With  8  Maps. 

Vol.  II.— The  Monarchy,  1461-1540 ;  The  Reformation,  1540-1603. 

VoL  III.— Puritan  England,  1603-1660 ;  The  Revolution,  1660-1688.    With  four 
Maps. 

Vol.   IV.— The  Revolution,   1688-1760;  Modern   England,   1760-1815.    With 

Maps  and  Index. 

THE  MAKING  OF  ENGLAND.     With  Maps.     8vo.     16s. 
THE  CONQUEST  OF  ENGLAND.     With  Maps  and  Portrait.    8vo.    18s. 
ANALYSIS  OF  ENGLISH  HISTORY,  based  on  Green's  "  Short  History  of  the 

English  People."    By  C.  W.  A.  TAIT,  M.  A.,  Assistant  Master  at  Clifton  CoUege. 

Crown  8vo.    3s.  6d. 
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READINGS   FROM   ENGLISH   HISTORY.      Selected  and    Edited  by  JOHN 

RICHARD  GREEN.    Three  Parts.    Gl.  8vo.    Is.  6d.  each.    I.  Hengist  to  Cressy. 

II.  Cressy  to  Cromwell.    III.  Cromwell  to  Balaklava. 
GUEST.— LECTURES  ON  THE  HISTORY  OF  ENGLAND.     By  M.  J.  GUEST. 

With  Maps.    Cr.  -Sro.    6s. 
HISTORICAL  COURSE  FOR  SCHOOLS.— Edited  by  E.  A.  FREEMAN,   D.C.L., 

Regius  Professor  of  Modern  History  in  the  University  of  Oxford.     18mo. 
GENERAL    SKETCH    OF    EUROPEAN    HISTORY.      By    E.  A.   FREEMAN, 

D.C.L.    New  Ed.,  revised  and  enlarged.    With  Chronological  Table,  Maps,  and 

Index.    3s.  6d. 
HISTORY   OF   ENGLAND.    By  EDITH    THOMPSON.    New   Ed.,   revised  and 

enlarged.    With  Coloured  Maps.    2s.  6d. 

HISTORY  OF  SCOTLAND.    By  MARGARET  MACARTHUR.    2s. 
HISTORY  OF  ITALY.    By  Rev.  W.  HUNT,  M.A.    New  Ed.     With  Coloured 

Maps.     3s.  6d. 

HISTORY  OF  GERMANY.    By  J.  SIME,  M.A.    New  Ed.,  revised.    3s. 
HISTORY  OF  AMERICA.     By  JOHN  A.  DOYLE.     With  Maps.     4s.  6d. 
HISTORY  OF  EUROPEAN  COLONIES.    By  E.  J.  PAYNE,  M.A.    With  Maps. 

4s.  6d. 

HISTORY  OF  FRANCE.    By  CHARLOTTE  M.  YONGE.    With  Maps.    3s.  6d. 
HISTORY  OF  GREECE.    By  EDWARD  A.  FREEMAN,  D.C.L.     [In  preparation. 
HISTORY  OF  ROME.    By  EDWARD  A.  FREEMAN,  D.C.L.  [In  preparation. 

HISTORY  PRIMERS.— Edited  by  JOHN  RICHARD  GREEN,  LL.D.    ISmo.    Is.  each. 
ROME.     By  Rev.    M.    CP.EIGHTON,   M.A.,    Dixie  Professor    of   Ecclesiastical 

History  in  the  University  of  Cambridge.    Maps. 
GREECE.    By  C.  A.  FYFFE,  M.A.,  late  Fellow  of  University  College,  Oxford. 

Maps. 

EUROPE.    By  E.  A.  FREEMAN,  D.C.L.    Maps. 
FRANCE.    By  CHARLOTTE  M.  YONGE. 

GREEK  ANTIQUITIES.    By  Rev.  J.  P.  MAHAFFY,  D.D.    Illustrated. 
CLASSICAL  GEOGRAPHY.    By  H.  F.  TOZER,  M.A, 
GEOGRAPHY.    By  Sir  G.  GROVE,  D.C.L.    Maps. 
ROMAN  ANTIQUITIES.    By  Prof.  WILKINS,  Litt.D.    Illustrated. 

HOLE.— A  GENEALOGICAL  STEMMA  OF  THE  KINGS  OF  ENGLAND  AND 

FRANCE.    By  Rev.  C.  HOLE.    On  Sheet.    Is. 
JENNINGS.— CHRONOLOGICAL   TABLES.     A  synchronistic  arrangement  of 

the    events  of  Ancient    History  (with   an    Index).     By  Rev.    ARTHUR   C. 

JENNINGS.    8vo.    5s. 
LABBERTON.— NEW  HISTORICAL  ATLAS  AND  GENERAL  HISTORY.     By 

R.  H.  LABBERTON.    4to.    New  Ed.,  revised  and  enlarged.    15s. 
LETHBRIDGE.— A  SHORT  MANUAL  OF  THE  HISTORY  OF  INDIA.     With 

an  Account  of  INDIA  AS  IT  is.    The  Soil,   Climate,   and  Productions;  the 

People,  their  Races,   Religions,  Public  Works,  and    Industries ;    the  Civil 

Services,  and  System  of  Administration.    By  Sir  ROPER  LETHBRIDGE,  Fellow 

of  the  Calcutta  University.    With  Maps.    Cr.  8vo.    5s. 
MAHAFFY.— GREEK  LIFE  AND  THOUGHT  FROM  THE  AGE  OF  ALEX- 

ANDER  TO  THE  ROMAN  CONQUEST.    By  Rev.  J.  P.  MAHAFFY,  D.D., 

Fellow  of  Trinity  College,  Dublin.    Cr.  8vo.    12s.  6d. 
THE  GREEK  WORLD  UNDER  ROMAN  SWAY.     From  Plutarch  to  Polybius. 

By  the  same  Author.    Cr.  8vo.  [In  the  Press. 

MARRIOTT.— THE  MAKERS  OF  MODERN  ITALY :  MAZZINI,  CAVOUR,  GARI- 

BALDI.    Three  Lectures.    By  J.  A.  R.  MARRIOTT,  M.A.,  Lecturer  in  Modern 

History  and  Political  Economy,  Oxford.    Cr.  8vo.    Is.  6d. 
MICHELET.— A  SUMMARY  OF  MODERN  HISTORY.    Translated  by  M.  C.  M. 

SIMPSON.    Gl.  8vo.    4s.  6d. 
NORGATE.— ENGLAND  UNDER  THE  ANGEVIN  KINGS.     By  KATE  NORQATX. 

With  Maps  and  Plans.    2  vols.    8vo.    32s. 
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OTTE\— SCANDINAVIAN  HISTORY.    By  E.  C.  On*.    With  Maps.    Gl.  8vo.    6s. 
SEELEY.— Works  by  J.  R.  SEELEY,  M.A.,  Regius  Professor  of  Modern  History  in 
the  University  of  Cambridge. 

THE  EXPANSION  OF  ENGLAND.    Crown  8vo.    4s.  6d. 

OUR  COLONIAL  EXPANSION.    Extracts  from  the  above.    Cr.  Svo.    Sewed.  Is. 
TAIT.  — ANALYSIS    OP    ENGLISH    HISTORY,     based    on    Green's    "Short 
History  of  the  English  People."    By  C.  W.  A.  TAIT,  M.A.,  Assistant  Master 
at  Clifton.    Cr.  Svo.    3s.  6d. 
WHEELER. — Works  by  J.  TALBOYS  WHEELER. 

A  PRIMER  OF  INDIAN  HISTORY.    Asiatic  and  European.     ISmo.     Is. 

COLLEGE  HISTORY  OF  INDIA,  ASIATIC  AND  EUROPEAN.  With  Maps. 
Cr.  Svo.  3s.  6d. 

A  SHORT  HISTORY  OF  INDIA  AND  OF  THE   FRONTIER  STATES  OF 

AFGHANISTAN,  NEPAUL,  AND  BURMA.    With  Maps.     Cr.  Svo.     12s. 
YONGE.— Works  by  CHARLOTTE  M.  YONGE. 

CAMEOS  FROM  ENGLISH  HISTORY.  Ex.  fcap.  Svo.  5s.  each.  (1) 
FROM  ROLLO  TO  EDWARD  II.  (2)  THE  WARS  IN  FRANCE.  (3) 
THE  WARS  OF  THE  ROSES.  (4)  REFORMATION  TIMES.  (5)  ENG- 
LAND AND  SPAIN.  (6)  FORTY  YEARS  OF  STUART  RULE  (1603-1643). 
(7)  REBELLION  AND  RESTORATION  (1642-1678.) 

EUROPEAN  HISTORY.  Narrated  in  a  Series  of  Historical  Selections  from  the 
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